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Your prompt payment ‘of 1955 dues 
will avoid interruption in receipt of 
SEWAGE AND INDUSTRIAL WASTES 
as well as other Federation services. 
Undue delay may make it impossible for 


a complete volume of the JOURNAL to 


Please remit directly to your Mem- 


ber Association Secretary immediately 


upon receipt of the first dues notice 
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more efficient 
in operation, 


easier to maintain... 


LIFTS UP FOR DIFFUSER 
MAINTENANCE 


Individual Swing Diffusers can be 
lifted out of tank without interrupting 
operation, eliminating stand-by aera- 
tion tanks. Precision Diffuser tubes are 
quickly and simply cleaned to new 
condition to achieve maximum diffu- 
sion with low head loss. 


Chicago Swing Diffusers offer all 
sizes of treatment plants— both in- 
dustrial and municipal— the advan- 
tages of air diffusing apparatus that 
is always in operation at maximum 
fliciency. 


Now used in 
more than 


300 Plants! 


for Sewage and Waste 


AERATION 


BOOST AERATION CAPACITY AT OLDER PLANTS, 
BRING HIGHEST EFFICIENCY TO NEW 


Wide Band Diffusion provided by Chicago Swing Dif- 
fusers in many eases doubles the aeration capacity of 
previously used plate diffusion systems. For example. 
the Columbus, Ohio Sewage Treatment Plant was able 
to treat only 37 M.G.D. with their old diffuser plate 
system. After changing to Swing Diffusers. aeration ca- 
pacity was doubled without increasing the amount of 
air used or the volume of the aeration tanks, In both 
old and new plants, Swing Diffusers assure maximum 
oxygenation. 


FLEXIBLE AIR DISTRIBUTION 


Individual Diffusers can be simply adjusted to balance 
air supply with oxygen demand for effective process 
control. 


Complete Operating Histories and Descriptive Bulletin 
Available on Request 


CHICAGO PUMP COMPANY 


. Subsidiary of Food Machinery and Chenaital Corporation — 
SEWAGE EQUIPMENT DIVISION 
622 DIVERSEY PARKWAY CHICAGO 14, ILLINOIS 


Kicen, Seru-Paller, Plunger. 
and Vartica! 


Aerators, C 
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collection, treatment and disposal of sewage and industrial wastes, and the design, construction, operation and manage- 


ment of such works 
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of address 
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Builders Model VTS4 Short Venturi Tube with continuous 
flushing system for metering solids-bearing liquids. 


BUILDERS Builders offers a unique service to 
CHRONOFLO SYSTEM 


sewage and industrial waste treatment 


for electrical transmission of flow 


information over ony distance. 
Bulletin 230-K24. plants — the complete line of equipment 


BUILDERS VTS6 for metering liquid flows . . . from the 


SHORT VENTURI TUBE Venturi Tube in the pipe line to the 


te, low loss of head, 
Bulletin Chronoflo metering instrument in the 


control panel. Find out about Builders 


Ticseae system tering “packages”. For Bulletins, write 


eliminates manual cleaning, Builders-Providence, Inc., 368 Harris 
improves metering efficiency. Bul- 


letin 110.G1. Avenue, Providence 1, Rhode Island. 


BUILDERS-PROVIDENCE 


DIVISION OF B-I-F INDUSTRIES, 
BUILOERS 1RON FOUNDRY © PROPORTIONEERS, INC. © OMEGA MACHINE CO, q FEEDERS 
CONTROLS 
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FSIWA MEMBER ASSOCIATIONS 


Alabama Water and Sewage Assn.* 
Pror. W. L. Samugt, Secretary 
Alabama Polytechnic Institute 
Auburn, Alabama 


Arizona Sewage and Water Works Assn.® 
QuentTIN M. Mess, Sec.-Treas. 
721 N. Olsen 
Tucson, Ariz. 
Arkansas Water and Se e Conf.* 
Dr. Hargison Sec.- 
c/o Southern State College 
Magnolia, Ark. 
California Sewage and Industrial Wastes Assn. 
J. C. Maruery, Sec.-Treas. 
4822 N. Dunsmore Ave. 
La Crescenta, Calif. 
Canadian Institute on and Sanitation 
Dr. A. E. Berry, Sec.-Trees. 
Ontario Dow. of Health 
Parliament Bidgs. 
Toronto 8, Ontario, Canada 
Central States Sewage and Industrial Wastes 
Assn. 
Georce F. BERNAUER, 
Room 453 State Office B 
Madison 2, Wis. 


Dakota Water and Sewage Works Conf. 


North Dakota Section* 
Janome H. Svorz, Sec.-Treas. 
c/o State Dept. of Health 
Bismarck, N. Dak. 
South Dakota Section® 
c/o Div. o i Saginesting 
State Board of Heath. Pierre, S. Dak. 
Federal Sewage Research 
Lioyp W. Gesuarp, Sec.-Tre 


Rm. 4220, Health, Education “k Welfare Bldg., So., 
Washington 25, Db. 


Florida Sewage and Industrial Wastes Assn. 
Sec.-Treas. 


Jackson ville i 
Georgia Water and Sewage Assn.* 
. T. Storsy Trees. 
1210 Hemphill Ave., N.W. 
Atlanta, Ga. 


(Germany) Ab rtechnische Vereinigung 
Otto Sec.-Treas. 
Theaterstrasse 24, 

Bonn, Germany 

Institute of Sewage Purification 
W. F. Freesorn, Sec. 

34 Cardinal's Walk, 
Hampton-on-Thames, Middlesex, England 

Institution of Sanitary Engineers 
Ernest V. Baisom, Secretary 
118 Victoria St. 

Westminster, S. W. 1, London, England 
lowa Sewage Works Assn. 

L. F. Sxorczesx1, Sec.-Treas. 

207 South 15th Ave 

Marshalltown, lowa 


Kansas Sewage and Industrial Wastes Assn. 
Ropert H. Hess, Sec.-Treas. 
Supt. of Water and Sewage Treatment 
City Building 
Wichita 2, Kansas 


Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assen. 
S. Leary Jones, Sec.-Treas. 
420 Sixth Ave., N., Nashville 3, Tenn. 


Conference on Water Supply and 
Sewerage * 

Grorce H. West, Sec.-Treas 

P. O. Box 15, Water Dept. “Lake Charles, La. 


* Sewage Works Section. 


Maryland-Delaware and Sewerage Asen.* 
W. M. Brnorey, Sec.-7r 
2411 N. Charles St., Baltimore 18, Md. 
ao Sewage and Industrial Wastes Assn. 
D. M. Prerce, Sec.-Treas. 
Michigan Dept. of Health 
Room 334, Admin. Bldg., Lansing 4, Michigan 
Missouri Water and Sewerage Conf.* 
ARREN Kramer, Sec.-Treas. 
c/o State Office Bldg., Sixth Floor 
Jefferson City, Mo. 


Montana Sewage and Industrial Wastes Assn. 
Harvey W. Taytor, Sec.-Treas. 
Morrison & Maierle Inc. 
Helena, Montana 


Nebraska Sewage and Industrial Wastes Assen. 
Paut W. Secretary-Treasurer 
602 West B Street, McCook, Nebr. 

4 England Sewage and Industrial Wastes 
en. 
Srepuen M. Hurtey, Jr., Sec.-Treas. 
163 Greenwood St., Cranston, R. I. 


2 Jersey Sewage and Industrial Wastes 


S. Kacnorsxy, Sec.-Treas. 
P. O. Box 766, Manville, i 
New York Sewage and Industrial Wastes Assn. 
PH C. Sweeney, Secretary 
c/o State Dept. of Health 
21 Broadway, White Plains, N. Y. 
— Carolina Sewage and Industrial Waste 
sen. 
E. C. Hupsarp, Sec.-Treas. 
State Board of Health, Raleigh, N. C. 
Ohio Sewage and Industrial Wastes Treat- 
ment Conf. 
Warp E. Conran, Sec.-Tre 
301 Ohio Depts. Bldg. be Columbus 15, Ohio 
eT Water, Sewage and Industrial Wastes 
on 
H. J. Darcey, Sec.-Tre 
State Dept. of Health, co City 5, Okla. 
Pacific Northwest Sewage and Industrial 
Wastes Assn. 
Watter W. Saxton, Sec.-Treas. 
408 Old Capitol Bldg. 
Olympia, Wash. 
Pennsylvania Sewage and Industrial Wastes 
Assn. 
B. S. Busn, Sec.-Treas. 
c/o Pennsylvania Dept. of Health 
tby Health Center, Wilkes-Barre, Pa. 
Puerto Rico Water and Sewage Works Assn. 
Rosert J. Autp, Sec.-Treas. 
=> a Rico Aqueduct and Sewer Service 
, San Juan 12, Puerto Rico 
Roc Rein Sewage Works Assn. 
Harness, Sec.-Treas. 
376 City and County Bldg., Denver, Colorado 
South Carolina Water and Sewage Works 
Assn.* 
W. T. Linton, Sec.-Treas 
Wade Hampton Bidg., ‘Columbia, Cc. 
(Sweden) Fireningen Vattenhygien 
Erik Jonsson, Secretary 
Box 5038, Stockholm 5, Sweden 
(Switzerland) Verband Schwelszerischer Abwas- 
serfachleute 
Epuarp Ho.incer, Treasur 
Spitzackerstrasse 17, Liestal, Switzerland 
Texas Water and Sewage Works Assn.* 
V. M. Euters, Sec.-Treas. 
2202 Indian Trail, Austin, Tex. 


Virginia Industrial Wastes and Sewage Works 


en. 
L Sec.-Treas 


415 W. Franklin St., Richmond 20, Va. 
West Virginia Sewage and Industrial Wastes 
Asen. 


Guan O. Fortney, Sec.-Treas 
State Dept. of Health 


, Charleston, W. Va. 
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of Flow, Liquid Level, Pressure 


NEW! SIMPLEX 
ORTHOFLOW 


@ Now you can transmit data accurately 
over great distances for instant reference 
at central or control points. 
TRANSMITTER — Compact new electric unit 
actuates both in-plant and remote meters 
... unaffected by normal variations in volt- 
age, temperature. Simple, dependable, rug- 
ged. Accuracy of +2% at any point over 
wide flow ranges. 

RECEIVER—Time-proven Simplex H Meter. 
Precisely duplicates transmitted data... 
automatically resets to correct data after 
power interruptions. Indicates, records, to- 
talizes. Easy-to-read flow scale and chart. 
WRITE FOR BROCHURE — Simplex Valve & 
Meter Company, 6719 Upland St., Phila- 
delphia 42, Pa. 
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MEMBER ASSOCIATION MEETINGS 


Association 


West Virginia Sewage and 
Industrial Wastes Assn. 


Nebraska Sewage and 
Industrial Wastes Assn. 


Oklahoma Water, Sewage and 
Industrial Wastes Conf. 


New York Sewage 


and Industrial Wastes Assn. 


Texas Water and Sewage 
Works Assn. 


Arizona Sewage and 
Water Works Assn. 


California Sewage and 
Industrial Wastes Assn. 


Kentucky—Tennessee Industrial 


Wastes and Sewage Works Assn. 


Place 


Hotel Prichard, 
Huntington, West Va. 


Keystone Hotel, 
McCook, Nebraska 


Student Union Bldg., 
Stillwater, Okla. 


Hotel Belmont Plaza, 
New York, N. Y. 


Texas A. and M. 
College, 

College Station, 
Texas 


San Marcos Hotel, 
Chandler, Ariz. 


Mission Inn, 
Riverside, Calif. 


Phoenix Hotel 
Lexington, Ky. 


Time 


Nov. 9-10, 1954 


Nov. 11-12, 1954 


Nov. 15-20, 1954 


Jan. 20-21, 1955 


March 6-11, 1955 


April 14-16, 1955 


April 27-30, 1955 


Sept. 12-14, 1955 


TWENTY-EIGHTH ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 

in conjunction with 

New Jersey Sewage and Industrial Wastes Association 
Ambassador Hotel, Atlantic City, New Jersey 

October 10-13, 1955 
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from the YEOMANS GUARD 


Important NEW DATA 
on SPIRAFLO CLARIFIERS 


ORIVE UNT 


EFFLUENT PIPE 
WE ATHERPROOF 
INFLUENT PIPE 


ADJUSTING STUD, 


Bulletin 6791—just off the press—brings you up-to-date on Spiraflo performance— 
incorporates results from operating installations giving removals of 65 percent suspended 
solids and 45 percent B.O.D. in the primary tank—tells you all you want to know about this 
radically different design of clarifier which secures these amazing results: 

@ Complete settleable solids removal—Influent introduced tangentially into annular 
race—Sewage spirals slowly down, enters clarification compartment at bottom— 
diffusion is slow, uniform. 

@ Greater removal of finely divided particles—Sewage moves upward through sludge 
blanket, increasing flocculation. 

@ Positive grease, scum oil removal—Floatable material confined in the race; does not 
enter clarification compartment. 


@ Reduced construction costs—Straight wall design eliminates costly effluent troughs. 
Mechanical or hydraulic skimmers not necessary. 


@ Uniform velocity throughout tank—No short circuits or ‘‘dead’’ areas. 


Ask for your copy TODAY. Contact your local Yeomans representative listed in the Yellow Pages 
of your telephone book under ‘‘Pumps,"’ or attach coupon to company letterhead and mail direct to factory. 


YEOMANS BROTHERS COMPANY 


1999-7 N. RUBY STREET, MELROSE PARK, ILLINOIS 


I am interested in the facts about Spiraflo Clarifiers. Send me, without obligation, your new Spirafio 
Clarifier Bulletin 6791 
Name Tith 
Company 
Address 
City... 
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FOR 100 YEARS 


This is Chicago, 
second largest city 
in the U. S. A.— 
population over 
3% million. 


A view of Lake Street, Chicago 


as it loo 
Print: Bettmann Archive 


MODERNIZED 
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SEWAGE AND INDUSTRIAL WASTES 


they've been coming 
back for more... 


CHICAGO installed cast iron 
water mains 100 years ago... 
and instalis them today! 


A famous jurist defined good will as the 
“probability of the customer’s returning to the 
old stand.’’ Chicago’s Water Department has 
been coming back for more cast iron pipe for 100 
years. That’s good will—yes—built on proved 
performance. Chicago has century-old 

cast iron pipe in its water distribution system. 


Cast iron pipe has been a rugged, long-lived 
product from the earliest days. Today’s 
modernized cast iron pipe, centrifugally cast, is 
even stronger, tougher, and more uniform 

in quality. And, where needed and specified, it 
is centrifugally lined with cement mortar 

to assure sustained carrying capacity 
throughout the long life of the pipe. 


Cast Iron Pipe Research Association, 
Thos. F. Wolfe, Managing Director, 
122 So. Michigan Ave., Chicago 3. 


Section of a century-old cast iron 
main still serving in Chicago’s 


vast water distribution system. 


The Q-Check stencilled on pipe is the Registered 
Service Mork of the Cest Iron Pipe Research Associction, 


FOR MODERN WATER WORKS OPERATION aa 
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WORTHINGION’S NEW “AUTOMATIC FUEL 
SWITCHER” used on Worthington dual-fuel 
engines eliminates shutdowns due to fuel gas 
interruptions or failures. When gas pressure 
drops below normal, or fails completely, the 
Automatic Fuel Switcher instantly and automat- 
ically changes the engine over to 100% fuel oil. 


The fuel switcher closes the gas metering valves 
instantly and simultaneously shifts linkages that 
place the fuel pumps under control of the gov- 
ernor at the required setting for the load at that 
moment. There is no hunting of the governor 
when the engine goes over to 100% fuel oil. 


ACTIVATED SLUDGE PLANT in Phoenix, Arizona gets low-cost power from 
these two Worthington dual-fuel engines which run on sewage gas, using 
a minimum amount of pilot oil 


Sewage gas runs these engines 


¢ In treating sewage, many cities have the help of a receiving stream 
to provide some purification of the liquid-borne wastes by the diluting 
action of the water. 

Phoenix, Arizona, also has a receiving stream, the Salt River, but 
gets no beneficial diluting action since the entire flow of the Salt below 
Phoenix consists of effluent from the sewage treatment plant. 

Naturally, a situation like this demands really thorough sewage 
treatment — and the best in equipment. 

To supply the motive power for two large blowers, Phoenix's engi- 
neers selected two Worthington dual-fuel engines. And they put their 
sewage gas to work by using it as fuel for these dependable Worthing- 
ton engines. You might say that this sewage plant is almost running 
itself. 

Operating records of sewage treatment plants everywhere show 
that you just can't beat Worthington dual-fuel engines as economical, 
dependable drives for blowers, pumps and generators. Drop us a line 
and find out for yourself about Worthington’s new “Automatic Fuel 
Switcher”, which automatically changes over to 100% fuel oil when 
the gas pressure drops below normal. 

Worthington Corporation, Engine Division, Section E.3.10, 
Buffalo, New York. £3.10 


WORTHINGTON 


Power — Oil and Dual-Fuel Diesels, and Spark-Ignition Gas Engines, from 190 te 2100 bhp. 
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Link-Belt Thru-Clean Bar Screen, Straightline Grit Col- 
lector, flight conveyor and two liquid vibrating screens 
remove solids from waste water at midwest cannery. 


Link-Belt flash mixers and thickener unit help separate 
toxic metals and cyanides from waste waters. Sludge thick- 
ening affords considerable savings in hauling costs. 


or potential PROFITS... 


STEEL MILL 


Here profits were literally “going down the drain.” But 


with Link-Belt Straightline Collectors installed, mill scale 
recovery rose from 250 to 475 tons per week. 


EGARDLESS of the nature of your waste . . . the 
R' size of your operations—Link-Belt experience 
and equipment assures a treatment system suited to 
your needs. If by-products are salvageable, Link-Belt 
can bring you maximum profits. Or if fast, low-cost 
waste treatment is the prime consideration, your an- 
swer lies in the job-proven efficiency of Link-Belt 
equipment. A call to your nearby Link-Belt office will 
put you in touch with a sanitary engineer. He's ready 
to work with your consultants and chemists—help 
you get the best in modern industrial liquids, water 
or sewage treatment equipment. 


Link-Bele Straightline Collector and Rotoline scum skim- 
mer provide more efficient collection of solids, resulting 
in substantial reclaiming of grease and usable glue stock. 


LINK-BELT knows how best to treat it 


SANITARY ENGINEERING EQUIPMENT 


13.632 


LINK-BELT COMPANY: Executive Offices, 307 N. Michigan Ave., 
Chicago 1. To Serve Industry There Are Link-Belt Plants and 
Sales Offices in All Principal Cities. Export Office. New York 7; 
Canada, Scarboro (Toronto 13); Australia, Marrickville, N.S.W.; 
South Africa, Springs. Representatives Throughout the World. 
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how much for maintenance ? 


In figuring the cost of a trash pump, 
what do you allow for maintenance... 
how much to clear out the trash that 
clogs the impeller? Will it be daily? 
Every other day? Weekly? 

Or figure it this way. What price a 
pump that won’t clog .. . that will vir- 
tually eliminate maintenance? 'That’s 
why you should figure the Fairbanks- 
Morse Bladeless Impeller Pump! Its 
unique whirling tube won’t clog... 
there are no blades or projections to 


catch and hold trash. 

This is just one more example of the 
quality that is Fairbanks-Morse . . . in 
design, materials, workmanship, a 
standard of quality that gives you more 
for your pump dollar. For pump per- 
formance you can depend on, rely on 
the world’s largest manufacturer of a 
complete pump line. See your 
Fairbanks-Morse Branch or write 
Fairbanks, Morse & Co., 600 S. 
Michigan Ave., Chicago 5, Illinois. 


@ FAIRBANKS-MORSE 


[ @ name worth remembering when you want the bes? 


PUMPS ¢ SCALES ¢ DIESEL LOCOMOTIVES AND ENGINES ¢ ELECTRICAL MACHINERY 
RAIL CARS ¢ HOME WATER SERVICE EQUIPMENT © FARM MACHINERY ¢ MAGNETOS 
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in the design of ae 


sinned to solve... 
industrial waste problems 


BIOLOGICAL TREATMENT OF INDUSTRIAL WASTES 
INFILCO's experience in with activated sludge is not new with INFitco, 
solving industrial an organization long considered a leader in the 
waste disposal development of activated sludge processes 
problems through the and equipment. 


applicatien of Many installations treating vegetable canning, 
; anne ed med refinery, pulp, paper and a variety of other organic 
oblig InFiLco pioneered methods and to 
Write for details. adapt activated sludge treatment to the 


needs of industry's ever-increasing waste problem. 


INFILCO INC. Tucson, Arizona 


Plants in Chicago and Joliet, Illinois 


FIELD OFFICES IN 35 PRINCIPAL CITIES IN THE U.S., CANADA AND MEXICO 
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. Unique Foxboro 


Centralized System 


automatically controls 


treatment — runs “sample” 


through aquarium! 


There's living proof that modern treatment 
techniques under Foxboro Automatic Control 
keep plating waste completely safe for dis- 
charge at Oneida, Ltd., Sherrill, N. Y. Goldfish 
and plants flourish in an aquarium through 
which a sample of the treated waste flows! 


This “fishbowl check” is the end-point on the 
Foxboro Graphic Panel which gives one oper-. 
ator complete control of the $1l-million treat- 
ment plant. Foxboro Instrumentation automa- 
tically regulates such functions as flow, level, 


OXBORO 


Reg. U.S. Pat. Off. 


Oneida, Ltd. 


keeps waste quality “fit for a fishbowl”! 


SEWAGE AND INDUSTRIAL WASTES 


Single operator at Foxboro Graphic Control 
Panel (above) directs combined batch and con- 
tinuous processes in this ultra-modern waste 
treatment plant at Oneida, Ltd., Sherrill, N. Y. 
Consulting Engineers: Westcott & Mapes, New 
Haven, Conn. 


chlorine dosage, and oxidation tank transfer 
... makes 20,000 g.p.h. of complex wastes com- 
pletely safe for aquatic life. 

Foxboro Control Systems are continually 
solving similar waste problems. . . recovering 
by-products... building better public relations. 
Write for specific information. The Foxboro 
Company, 8811 Neponset Ave., Foxboro, 
Mass., U. S. A. 


FACTORIES IN THE UNITED STATES, CANADA, AND ENGLAND 


*Manufacturers of Community Silverplate and Heirloom Sterling 


Automatic Control for 
Waste Treatment 
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) WATERWORKS EQUIPM 
> 


MANHOLE STEPS: 


GIVE THEM AN EXTRA MARGIN OF SAFETY 
WITH CORROSION-RESISTANT EVERDUR 


Manhole steps—of all sewage treat- 
ment and waterworks structures—need 
extra corrosion resistance and depend- 
ability. Everdur® gives it to them. . . 
and adds the strength that really pays 
off . . . in greater safety. 

Everdur Copper-Silicon Alloys deliver 
the same corrosion resistance—plus ease 
and economy of operation over the 
years —to gates, screens, guides and 
bolts, weirs, float chambers, troughs, 
stems and electrical conduit. Everdur 
is easily fabricated into lightweight, 
built-up wrought-metal assemblies. 

Depending on type or composition, 
Everdur Alloys can be worked hot or 
cold. You can form, forge, weld and 
machine them. They are available in 
the form of plates, sheets, rods, tubes, 


electrical conduit and casting ingots. 

Write today for free 
booklet, “Everdur Copper-Silicon Al- 
loys for Sewage Treatment and Water- 
works Equipment.” For specific help 
in selecting the right alloy for your 
equipment, consult our Technical De- 
partment. The American Brass Com- 
pany, Waterbury 20, Connecticut. In 
Canada: Anaconda American Brass 
Ltd., New Toronto, Ont. s3140a 


*Reg. U. S. Pat. Off. 
EVERDUR 


ANACONDA 


COPPER-SILICON ALLOYS 


STRONG * WELDABLE * WORKABLE 
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SEWAGE AND INDUSTRIAL WASTES 


‘American DESIGN FEATURES 


UNIFORM 
DISTRIBUTION 


EFFICIENT 
DISTRIBUTOR 
CONTINUOUS 
OPERATION 


MINIMUM 
MAINTENANCE 


PET COCK — 
OW LEVEL 
INDICATOR 


Section Through Oil Seal 


U.S. Pat. No. 2,379,547 
Exclusive Oil Seal 


costly mercury, completely protects 
bearing surfaces, and will not 
blow out under excessive heads. 


Reaction Drive and Positive Drive 


ROTARY DISTRIBUTORS ~ 


Hundreds of installations have proved the 
advantages of American Rotary Distributors. This approval 
by consulting engineers is based on economy of initial cost, 
structural strength and durability, superior liquid distribution, 
applicability to wide ranges of flow and available head, 
and minimum maintenance. Inherent design features reduce hydraulic- 
head losses to a minimum, and provide for maximum utilization 
of available hydraulic head in performance of useful work. Every oil 
seal unit installed has given excellent, trouble-free service! Available 
in a wide range of both Reaction-Drive and Motor-Driven 
Positive-Drive Distributors to meet all variations of actual field 
conditions—for rapid or standard rate waste filters, sand filters, 
or for water aeration. Utilize the experience of American engineers. 


For helpful data and design details, 
write for Technical Supplement RD 


A Line AMERICAN WELL WORKS 


Equipment for Sew- 
age and Industrial IM OUR 86th YEAR 

Waste Treatment. : 110 North Broadway Water Purification Equipment 
AURORA, ILLINOIS RESEARCH - ENGINEERING - MANUFACTURING 


Offices Chicago New York Clewelond Cincinnati Kemes City Soles Representatives Mrovghaw the World 
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SEWAGE AND INDUSTRIAL WASTES 


Cylindrical Plug provides full in SEWAGE PLANTS, 
‘pipe oreo thatsops erosion from. Cylindrical Plug shears obstruc- 
materials in’ suspension at this tions on raw sewage and sludge 

lines or, as here, controls gas for 
heat booster on digestor circulat- 
ing woter, 


PROOF 


ac £ PLUG VALVES 


Write for descriptive Catalog 4-SI to 
Representatives in ACF Industries, Incorporated, Valve Division, 
50 Principal Cities 1501 E. Ferry Avenue, Detroit 11, Michigan. 


in PROCESSING PLANTS, CLC 
Volves provide dependabl 


through streomline flow in 


pendability with TEFLON* HEAD 
GASKETS. OUPONT 
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NATURAL GAS OPERATION. Strat formance in itis vitol operotiontor 
Valves assures least turbulence - 
pressure drop at all times. 
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Almost old enough 


to vote! 


Nineteen years old and still going strong! 
The oldest of all sludge incineration meth- 
ods—the original Dearborn, Michigan, in- 
stallation, has provided thousands of hours 
of faithful, trouble-free, odor-free sludge 
incineration with Nichols Herreshoff fur- 
naces. 


Dozens of municipalities all over the 
country are finding Nichols Herreshoff 
Dryer-Incinerators to be a good invest- 
ment. No other method of sludge incin- 
eration provides such rugged equipment, 
such dependable service, such low cost 
disposal. 


If you want to burn all solids—grit in- 
cluded, with the least trouble... consult 
Nichols. 


Nichols Herreshoff 
Multiple Hearth Dryer-Incinerators 


Nichols Engineering & Research Corp. 
70 Pine St., New York 5, N. Y. 


1637 N. Illinois St., Indianapolis 2, Ind. 
40 S. Los Robles Ave., Pasadena 1, Calif. 
1477 Sherbrooke St. W., Montreal 25, Canada 
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h Armeo Sewer 


Saved 
Most Money? 


Fact is, they all saved plenty of money. 
But the original Armco Sewer will save 
much more through the years. 

The Armco Pipe will be faced 
with the same hazards that were dis- 
astrous to the other structures. But be- 
cause of the flexible strength of cor- 
rugated metal. there is no danger of 
cracking. Positive bolted connections 
eliminate disjointing. And with Armco 
AspestTos-Bonpep Pipe, corrosive sew- 
age will not cause damage. A long life 
for the new Armco Sewer is assured. 

There is an Armco Structure to 
solve practically every sewer problem. 
Armco Corrugated Metal Pipe and 
Pipe-Arch are recommended for nor- 
mal sewer use ; ASBESTOS-BONDED Pipe 
and Pipe-Arch for severe corrosion 
problems; Murti-PLate Pipe, Arch 
and Pipe-Arch for large area require- 
ments. Write us for data. Armco 
Drainage & Metal Products, Inc., 3154 
Curtis Street, Middletown, Ohio. Sub- 
sidiary of Armco Steel Corporation. 


ARMCO SEWER STR 
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HOW LARGE 


IS YOUR COMMUNITY? 


C-E RAYMOND SEWAGE DISPOSAL SYSTEMS 
SERVE BOTH LARGE AND SMALL 


IN BALTIMORE, FOR EXAMPLE — the new sludge drying 
plant was placed in service late last year. Serving 

nearly a million people, the new installation is designed to 
dry the sludge from 125 million gallons of sewage a day. 


An important part of the huge Back River Treatment 
Works, the plant was designed by Whitman, eG 
& Associates, Baltimore. 


Three C-E Raymond Flash Drying Systems dry the digested 
filtered sludge, to produce 15,000 to 27,000 tons 
of fertilizer a year. 


Many other large communities have discovered the 
practical answer to sludge disposal problems in C-E Raymond 
Systems. Chicago . . . Los Angeles . . . San Francisco 

. Washington — these cities alone have in operation 
or under construction C-E Raymond equipment to serve 
an equivalent population greater than 11,000,000. 


And in communities with equivalent populations as low 

as 6,000, it has been proved in years of actual service. 

The aggregate capacity of C-E Raymond Systems 

installed, under construction or on order is nearly 50% more 
than the total of all other heat methods combined. 


So look to the leader for the most efficient end 
to your sludge disposal problems. Get in touch with 
the C-E Raymond office nearest you. 
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SEWAGE AND INDUSTRIAL WASTES 


WELSBACH OZONE in Solving Them 


The disposal of industrial wastes containing 

cyanide compounds is always a problem—be- 

cause they are difficult to treat and must be 
reduced to very low limits. 

That’s why you should investigate the poten- 
tial of Welsbach Ozone in solving these problems. 
Its efficiency, its economy and above all, its 
dependability provide an immediate answer. 
Investigations in the field, as well as laboratory 
research show that Welsbach Ozone is the 
ideal solution. 

JUST CONSIDER THESE ADVANTAGES: 

1. Cyanides are readily oxidized by ozone to 
products of negligible toxicity. 

2. Overdoses of ozone can nor result in toxic 
residuals in the treated waste. Therefore, 
close technical control over dosage is unnec- 
essary and regular maintenance employees 
can operate the waste treatment plant. 

3. Since ozone adds nothing but oxygen to the 

reaction, re-use or re-cycling of waste waters 


investigate WELSBACH 


LOW COST « DEPENDABLE 


are often possible, resulting in substantial 
savings in volume of water used and in 
waste treatment cost. 


A Welsbach Ozone plant can be operated on 
a batch or a continuous basis and can be 
made fully automatic. Ozonators and treat- 
ment vessels require very little space. 


Welsbach Ozone is generated where it is 
used. No procurement problems. No freight, 
storage or materials handling expense. 


6. Maintenance costs are negligible. And since 
the only raw materials needed are electricity 
and air or oxygen, operating costs are con- 
stant and predictable. 


... but, most of all Welsbach Ozone is economi- 
cal, convenient and dependable. Write today for 
information and, if you wish, indicate the nature 
of your problem. The Welsbach Corporation, 
Ozone Processes Division, 1500 Walnut Street, 
Philadelphia 2, Pa. 
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SEWAGE AND INDUSTRIAL WASTES 


“VAREC’ Pressury 
Relief and Vacuum 
Breaker Valve with 
Flame Arrester — Fig. 
5800C — Relieves ex- 
cess pressures and 
vacuum in digesters 


TYPICAL INSTALLATION DIAGRAM and protects vessels 
from outside fires. 


“VAREC” Explosion 
TO 

LABORATORY, INCINERATO! Relief Vglve—Fig. 70 

3 UNIT ‘\Y — Relieves sudden 


MANOMETER | surges in pressure 

from explosion or mo- 

BOILER mentary plant fluctua- 
tions. 

Flame Trap 

OIGESTER a Assembly —Fig. 450— 


Prevents flame propo- 
N gation in piping. 


“VAREC” Waste Gas 
Burner — Fig. 236, 237 
or 238 — Efficiently 
burns all excess gas. 


% “VAREC” Flame Check 
— Fig. 51A or 52A— 
Prevents flashback 
from burner pilot or 
laboratory burners. 


“VAREC” Pressure Re- 
lief and Flame Trap 
Assembly — Fig. 440— 
Permits excess pres- 
sure to be wasted 
through gas burner 
and prevents flame 
flashback from burner. 


P i a n W i th nec “VAREC” Pressure Re- 


Symbols of Safety ra ry 


FOR GAS CONTROL THROUGHOUT YOUR eeeiiiaiinas. 
SEWAGE TREATMENT PLANT 


gas flow. 


“VAREC” Manometer 
—Fig. 215, 215A, 216 
or 216A — Indicates 
system pressures. 


"VAREC” Drip Trap— 
Fig. 245 or 248. 


0 “VAREC” Sediment 
Trap — Fig. 230, 232 
or 233 — Keeps lines 


THE VAPOR RECOVERY SYSTEMS COMPANY drained and free from 


moisture. 
COMPTON, CALIFORNIA, U.S.A. 


$10 Available from Authorized Sewage Equipment Agents throughout U.$. and Canada. 
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Low land, flat grades? 
High water table? 


Whatever the problem— 


Transite’ Sewer Pipe 


speeds installation, cuts operating costs 


In a wide range of conditions, 
Transite Sewer Pipe and its 
Ring-Tite® Coupling provide 
installationand operational plus- 
advantages that add up to im- 
portant cost savings. 


Flow Coefficient 
n-0.010 
Transite Sewer Pipe, specified 
velocity of flow can be attained 
at a minimum grade. Initial sav- 
ings may also be reflected in 
smaller pipe sizes. Its unusually 
low flow coefficient (n=0.010 
derived from the Manning 
formula) makes this possible. 


This means less cubic yards of 
excavation, and may also mean 
... elimination of pumping. . . 
location of treatment plant at 
higher elevation . . . lower in- 
stallation costs especially if in 
wet or ground-water conditions. 


[ Tight Joints where 


ground wa- 
ter conditions exist (due to a 
constant water table or during 
seasonal rains) Transite’s Ring- 
Tite Couplings are tight... thus 
treatment-plant dollars are spent 
to treat normal sewage only, not 
excessive and unnecessary in- 
filtration. 


[ Strength ] Made of asbes- 

tos and cement, 
Transite Sewer Pipe is strong 
and durable. It withstands heavy 
load stresses, eliminates expen- 
sive cradling in many cases. It is 
available in two strength classi- 
fications. 


Transite Sewer Pipe is easily 
handled, quickly assembled and 
lowered into trench where it 
adjusts more accurately to line 
and grade. The Ring-Tite Coup- 
lings are easily and quickly 
pulled, forming tight, flexible 
joints that start tight and stay 
tight. 


For your copy of TR-94A, the helpful widely used Sewer Design Flow Chart, 
based on the Manning formula, write Johns-Manville, Box 60, New York 16, N. Y. 


| Johns-Manville TRANSITE SEWER PIPE 


THE PIPE WITH THE TIGHT JOINTS 
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For trouble-free, low cost 


measurement of — 


SEWAGE 
INDUSTRIAL WASTES 
SLUDGE 
IRRIGATION WATER 


BAILEY 


OPEN CHANNEL METERS 
Offer These Advantages: 


1. Easy to Install 

2. Retain Accuracy 

3. Self-Cleaning 

4. Adjustable Capacities 

5. Totalize Multiple Flows 

6. Chemical Feed Control 

7. Flow and Ratio Controls 
Ask for Bulletin 62 


BAILEY METER COMPANY 


1066 IVANHOE ROAD «+ CLEVELAND 10, OHIO 
METERS and CONTROLS for SEWAGE and WATER 


VENTURI TUBES, FLUMES, WEIRS, NOZZLES, ORIFICES * DIRECT MECHANICAL AND REMOTELY 
LOCATED REGISTERS * AIR-OPERATED, ELECTRONIC AND ELECTRIC CONTROLS. 
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The Disappearing Act 


that never fails 


A billion-mile network of buried faith lies stretched 
across America. It’s Vitrified Clay Pipe — the 
product that disappears underground .. . and has 
to be trusted. Clay Pipe is sealed in by streets and 
sidewalks . . . blocked off by building foundations 
... piled over with earth and rock. 


Yet — nobody worries about that vast net- 
work of sanitary protection. Few people 
even think about it. What greater tribute 
could be paid to a product’s dependability? 


You know Clay Pipe is good — not only 
because of its magnificent record in the 
ground, but because it is guaranteed for 50 
years. It’s the only pipe that never wears 
out, and the Clay Pipe Industry is mighty 
proud of it. 


NATIONAL CLAY PIPE MANUFACTURERS, INC. 
1520 18th St. N.W., Washington 6, D. C. 


206 Connally Bldg., Atlanta 3, Ga. 
100 N. LaSalle St., Rm. 2100, Chicago 2, Ill. 
703 Ninth & Hill Bldg., Los Angeles 15, Calif. 
311 High Long Bidg., 5 E. Long St., Columbus 15, Ohio 
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NEW 
Gnold, 0. Bockman 


DISSOLVED OXYGEN ANALYZER 
for continuous measurement! 


The accurate measurement of dissolved oxygen in 
fluid process streams is widely recognized as an 


Continuous record 


Handles fluids, 
Slurries, sludges, etc. 


Simple operation 


important control factor in such municipal and Hi hi urate 
industrial operations as sewage and water treatment g y ace 

... waste disposal . . . petro-chemical and chemical 

and many others. 


processes .. . food processes... 


Now, you can make such measurements—continu- 
ously, simply and accurately—with the newly- 
developed Arnold O. Beckman Model 1A3B 
Dissolved Oxygen Analyzer! 


The Model 1A3B is a complete, 


The new Model 1A3B combines the field-proven Arnold O. 
Beckman paramagnetic principle of oxygen measurement with 
an improved method of stripping to provide a measurement 
specific for oxygen. 


The Model 1A3B is factory-calibrated to read in percent satu- 
ration so that efficiency of aeration or deaeration is shown 
directly. Or if preferred, the instrument can also be supplied 
to provide readings directly in parts-per-million. 


The Model 1A3B can be directly connected to any standard 
potentiometer-type recorder or i 


Ai 
tor. No sp acces 


‘ 
sory equip is 


Using the Model 1A3B is far superior—in speed, accuracy 
and convenience —to conventional chemical methods — and 
provides—immediately and continuously—the necessary 
control information for maintaining optimum processing 
uniformity. 


With a few variations the Model 1A3B can be 
adapted to a wide range of application requirements 
... to handling sludges and other liquids having high 
concentration of solids...to handling samples under 
abnormal pressures or temperatures... and to other 
difficult sampling conditions. 


0.6 


1020 MISSION STREET, SOUTH PASADENA 


compact unit—with the Analyzer in 
top compartment and the scrubbing 


unit below. 


——- 


SCRUBBING TOWER 
] 
viBRATO | 

| 


| 
| 


it 
HIGH PRESSURE 


| 
Mount NG PAD 


ZERO 
CONTROL 
VALVE 


FLOW CONTROL 

NEEOLE VALVE 

PUMP FOR SAMPLES wiTH 
SOLIOS = POSITIVE DISPLACEMENT 


EFFLUENT 
INLET TUBE- BLOWN Gacx ONCE PER HOU 
| 8 


ON FOR 10 SECONDS PER HOUR 


PRESSURE EFFLUENT | 


The Principle is simple and positive. The constantly-fresh test sample 
in scrubbing tower is stripped of dissolved orygen by inert scrubbing 
gas—and result measured by Analyzer. Measurement is continuous 


and accurate! 


RANGES—from a maximum of 0-100% O, saturation to a minimum 
of 0-5 ppm, full scale. Intermediate ranges are also available. 


INC. 
19, CALIFORNIA 


Get the full story on this new Arnold 
O. Beckman development by writing 
directly for information on the Model 
1A3B Dissolved Oxygen Analyzer. 
Ask for Data File # 13-O-114. 
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here's no substitute for 
CONCRETE and STEEL! 


LOCK JOINT 
combines 
these materials 
to make 
the ideal pipe! 


eevee 
Placing outside form, prior to pouring 
concrete, around steel reinforcing cage 
of Lock Joint Reinforced Concrete Pres. 
sure Pipe. 

eeee 


Concrete, with its proven qualities of reinforcing steel. Both materials are 
durability, non-corrosion, resistance to carefully calculated to meet your pressure 
electrolytic action, and high compression _ needs with a wide factor of safety. The 
strength is combined, by Lock Joint, | Lock Joint Pipe Company’s Rubber 
with steel’s toughness, resilience and high —_ and Steel Joint is extremely watertight 
tensile strength to make a pipe that —_ and, at the same time, flexible. 
retains the best qualities of both— 
non tuberculance, high structural strength For superior strength, carrying 
and long life with little or no characteristics and trouble-free operation, 
maintenance. Dense concrete affords let Lock Joint supply your pipe needs 
complete protection for the quality in sizes 16” and larger. 


LOCK JOINT PIPE COMPANY 


Established 1905 
P. O. Box 269, East Orange, N. J. 
PRESSURE PIPE PLANTS: Wharton, N. a Turner, Kan., 
Detroit, Mich., Columbia, 8. C. 
SEWER & CULVERT PIPE PLANTS: 
Casper, Wyo. + Cheyenne, Wyo. + Denver, Col. « Kansas City, Mo. 
Kennett Square, Pa. + Valley Park, Mo. + Chicago, Ill, « Rock 
Island, Ill. + Wichita, Kan. + Kenilworth, N. J. + Hartford, 
Conn, « North Haven, Conn. « Tucumcari, N. Mex. + Oklahoma 
City, Okla. - ‘False. Okla. + Beloit, Wis. + Hato Rey, P. R. 
Ponce, P. R. Caracas, Venezuela « Wholly Owned Subsidiary, 
Great Lakes Pipe Co., Plants: Buffalo, N.Y. « W. Henrietta, N.Y. 
SCOPE OF SERVICES—Lock Joint Pipe Company specializes in the manufacture and in- 
stallation of Reinforced Concrete Pressure Pipe for Water Supply and Distribution Mains 
16” in diameter or larger, as well as Concrete Pipes of all types for Sanitary Sewers, Storm 
Drains, Culverts and Subaqueous Lines. 
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At Downingtown, Pennsylvania... 


Existing structures are put to better use 
WITH MODERN PFT EQUIPMENT 


Serving a population of 10,000, Down- 
ingtown’s old (1916) sewage treatment 
plant faced the problem of capacity— 
its circular Imhoff Tank and fixed 
nozzle filter bed were inadequate for 
current needs. Solution: expansion 
from present structures using PFT 
equipment for more effective treatment! 

To improve the filter system, the 
original fixed nozzle filter bed was en- 
larged and converted into two circular 
filters, each 100 ft. in diameter. A PFT 
Rotary Distributor is installed on each 
bed for uniform distribution and 
trouble-free service. Specially designed 
spreader jets on the PFT Distributors 
reduce clogging and are easily cleaned. 

The Imhoff Tank was converted to 
a digestion tank and a second tank was 
added, both 25’ in diameter. A PFT 
Floating Cover is installed in each di- 
gester for positive scum submergence, 
safe utilization of gas and simplified 
operation. A PFT Supernatant Liquor 
Selector in each digester provides auto- 


NEW YORK LOS ANGELES + 


SAN FRANCISCO - 


matic, continuous withdrawal of the 
best digester liquor. 

A new control building located be- 
tween the digesters contains additional 
PFT equipment for operational con- 
trol: (1) Supernatant Gauge, Sight Glass 
and Sampler units for close control of 
supernatant withdrawal, (2) Gas Safety 
Equipment, (3) Heater & Heat Ex- 
changer unit with capacity of 250,000 
B.t.u. per hour. Fired by either gas or 
oil, the heater utilizes all gas produced 
by the digesters, switching to oil only 
when necessary. Heating externally, the 
unit allows complete accessibility and 
simplifies cleaning and maintenance. 


Design of 


Edwin B. Wagner, 
plant by 


Downingtown, Pa. 


waste treatment equipment 
exclusively since 1893 


PACIFIC FLUSH TANK CO. 


4241 Ravenswood Avenue 
Chicago 13, Illinois 
CHARLOTTE.N. Coe 


JACKSONVILLE « DENVER 


152: 
ae Foreground: enlarged filter bed with 2 PFT 100’ Rotary Distributors 
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Small Scale Biofiltration 


Makes 2 


Do the work of 5 


using Dorr 
“Duo” Treatment Units @ 


Here’s an actual case history that speaks for 
itself. Complete treatment including sludge di- 
gestion was required for a population equivalent 
of 3000. The consulting engineer designed two al- 
ternate plants . . . one using conventional equip- 
ment and one using Dorr “Duo” units. This is the 
breakdown: 


ALTERNATE #2 


Two 22" dia. Clarifiers 
Two 27 di. 
one dia Orgestet 


“Batter tools TODAY to wast tomorrows demand. 


ORR 


WORLD -WIDE RESEARCH 


And don’t forget — both plants were designed 
for the same flow, to provide the same degree of 
treatment. Obviously, Alternate #1 was selected 
for the job on a lower first cost basis. Plus factors 
were substantial savings in space and the simpli- 
fied operation inherent in Clarigester design. 


The Dorr Duo Clarigester and Duo Filter are 
ideal equipment combinations to treat domestic 
and industrial wastes from population equiva- 
lents up to 5000. Skilled operators are not re- 
quired, and over and underloads will not upset 
the balance. We'd like to send you more informa- 
tion on these cost-cutting units. Write for Bul- 
letin No. 7313 to The Dorr Company, Stamford, 
Connecticut. 
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DISPOSAL OF DIGESTED SLUDGE BY DILUTION * 


By A M Rawwn F. R. BowrerMan 


Respectively, Chief Enginecr-General Manager and Division Engineer, 
Los Angeles County Sanitation Districts, Los Angeles, Calif. 


The decision to dry digested sewage 
sludge as a means of conserving its 
fertility values for plant culture is 
usually dependent upon the cost in- 
volved in conditioning the sewage 
sludge for use. In areas where inex- 
pensive open-air sludge drying meth- 
ods may be used, or where the value 
of the finished product is sufficient to 
return the cost of mechanical drying, 
the decision is not difficult. If such 
conditions do not obtain and the cost of 
reclamation outweighs the value of the 
reclaimed sludge, it may be inappro- 
priate to subsidize sewage sludge con- 
servation unless reclamation is neces- 
sarily coneurrent with final disposal. 
Where it is not, sewage disposal au- 
thorities usually seek another method. 
Cities favorably located with respect 
to large bodies of water may find it 
possible to safely utilize dilution meth- 
ods for the disposal of digested sewage 
sludge. 


Disposal vs. Conservation 


For ages, sewage has been 
nized as a material to be used for in- 
creasing soil fertility. Although sew- 
age sludge does not contain enough 
nitrogen and phosphoric acid to com- 
pete directly with inorganie fertilizers, 
in addition to its fertility values it 
does possess humus properties which 
condition the soil to hold moisture and 
permit the ready passage of air, en- 
couraging growth and general vitality 


recoy- 


* Presented at 20th Annual Convention, 
California Sewage «and Industrial Wastes 
Assn.; Sacramento, Calif.; May 5-8, 1954. 


of plant life. All organie wastes have 
this facility and throughout the world 
where farming has been conducted in- 
tensively for centuries (for example, 
the Orient, South Africa, and the 
Netherlands), the vield of the land has 
been maintained by carefully return- 
ing to the soil all the organic materials 
that can be obtained. 

In America, the tendency all too 
often has been to utilize farm areas 
without much regard for the future; 
in some instances the soil fertility has 
been reduced to the point where the 
land is no longer of economic value for 
farming. A realization of the need 
for farming techniques which maintain 
a proper organie balance in the soil is 
slowly developing; in such a picture, 
sources of organie materials such as 
sewage sludge will become increasingly 
valuable. There is an_ increasing 
awareness that the future security of 
America’s farm production necessitates 
a return to the soil of those essential 
minerals and organics which are so 
requisite to continued intensive farm- 
ing. From this it would appear that 
every effort should be made to eon- 
serve sewage sludge at all costs. Tlow- 
ever, reflection on the available sources 
of organie solids will quickly dispel 
the notion that sewage sludge is indis- 
pensable to the organic market. 

The sanitary engineering field” in 
recent years has recognized the close 
relationship that exists between the 
fields of sewerage and refuse collection 
and disposal. No clearer example of 
this can be shown than in the use of 
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sanitary sewers for the transportation 
of ground garbage solids. Recent stud- 
ies by the County Sanitation Districts 
of Los Angeles County show that in 
the Los Angeles metropolitan area, 
with a total population of almost 5,- 
000,000 people, the daily production of 
organic refuse is about 6,000 tons. 
This organic material consists of paper, 
cardboard, leaves, brush and 
tree trimmings, and rags, combined 
with leather, plastic, rubber, transient 
metal, and such heterogeneous objects 
as are invariably found in rubbish. 
Composting experience in Europe, New 
Zealand, South Africa, and in a few 
places in America would indicate that 
perhaps three-fourths of this material, 
or 4,500 tons, ean be transformed into 
a humus-like soil conditioner. The 
total production of digested sewage 
sludge in the same area is about 400 
tons per day. 

From this it appears that compost- 
ing as a source of humus may afford 
some 10 times the potential of di- 
gested sewage sludge. This is not to 
discount the value of sewage sludge as 
a soil builder, but merely to suggest a 
need for an evaluation of the total pic- 
ture. To plead for the conservation 
of one source of organic material (that 
is, sewage sludge) without considering 
the present practice of wasting much 
larger sources of organic materials does 
not seem consistent. 

Sewage 


erass, 


conservation should 
be viewed dispassionately and in the 
eold light of engineering economy. In 
general, the conservation of sewage 
sludge should be practiced where the 
processes involved in preparing sew- 
age solids for the ultimate market are 
such as to show a favorable economic 
balance. Conversely, where it can be 
shown that the disposal of sewage 
sludge will effect an over-all economy, 
it appears reasonable to waste rather 
than to conserve the organic solids. 
The economic value of sewage sludge 
fluctuates according to demand, and 
since storage is expensive and many 


sludge 
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times inappropriate it may, in some 
instances, prove desirable to exercise 
a choice between conservation and 
waste depending upon the current 
sludge market. Sewerage authorities, 
practicing sludge conservation, may 
desire to waste sludge during periods 
when the market value of the condi- 
tioned sludge does not justify its recla- 
mation. To be forced to the necessity 
of uneconomical sludge reclamation 
may prove to be an expensive imposi- 
tion. 

The wastage of sewage sludge is 
presently practiced in many locations. 
Examples include New York City, 
where sludge is barged to sea in ocean- 
going vessels, and Detroit, Mich., where 
the sewage sludge is ineinerated in 
multiple-hearth furnaces. There are 
many, many others. What follows is 
a diseussion of digested sludge dis- 
posal by dilution and has application 
to sewage treatment plants suitably lo- 
eated near large bodies of water. 


Digestion Basic to Effective Disposal 


The physical nature of erude sew- 
age solids, in particular those from the 
primary phase of sewage treatment, 
is such as to render disposal by dilu- 
tion difficult because of the likelihood 
that nuisances will result. The float 
able components of crude sewage 
sludge tend to travel long distances at 
the surface, maintaining identity, and 
in some instances reaching recreational 
areas. In addition to being repugnant 
to sight and smell, undigested sewage 
solids harbor pathogenie organisms 
which are hazards to health and are 
virtually impossible to reach and de- 
stroy by any known means of disin- 
fection. Additionally, undigested sew- 
age solids exert a strong biochemical 
oxygen demand on the receiving wa- 
ters, creating odor problems and en- 
dangering aquatic life unless large vol- 
umes of diluting water are immediately 
available. 

Anaerobie digestion of sewage solids 
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radically alters the nature of the ma- 
terial, rendering it amenable to rapid 
mixing and dispersion in water. The 
process of decomposition transforms 
vreasy solids, which tend to cling to- 
vether, into stable components which 
have lost the greasy, sticky properties. 
In effect, digestion of sewage sludge 
is a homogenization reduction 
process which produces a fairly uni- 
form end product similar to humus. 
The change is more than physical or 
chemical inasmuch as the disease-creat- 
ing potential of the sludge is greatly 
reduced. Tests made several years 
ago by the Los Angeles County Sani- 
tation Districts (1) demonstrated that 
30-day detention in a digester at tem- 
peratures of from 95° to 100° F. re- 
duced the coliform density per milli- 
liter from 1,500,000 organisms to 3,000, 
an effective reduction of 99.8 per cent. 

Although it is difficult to measure 
precisely the B.O.D. of sewage sludge, 
an estimate of the reduction resulting 
from anaerobic digestion may be ob- 
tained by dilution methods. ‘Tests re- 
ferred to previously (1) indicate that 
the reduction in strength of sewage 
sludge digested for a 30-day period 
appears to be about 90 per cent. 
Where the acceptability of the dilu- 
tion method might be questioned be- 
cause of the oxygen demand, it ap- 
pears desirable that the initial demand 
be reduced through digestion. 

As discussed previously, the com- 
ponents in sewage sludge which are 
most apt to create nuisances are those 
which float. Sludge digestion tanks 
are customarily designed so that the 
point of drawoff is at or near the bot- 
tom of the tank, a feature which pre- 
vents the discharge of readily float- 
able materials in the digested sludge. 
Crude sewage solids which float will 
become a part of the scum layer in the 
digester until they are biologically al- 
tered and stabilized, at which time 
they either become a gas, enter into 
the liquid phase, become diserete solids 
with a density greater than that of the 
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surrounding medium and sink to the 
bottom, or remain as a part of the 
floating scum within the digester. It 
is not anticipated that seum would be 
considered suitable for disposal by 
dilution; scum should be disposed of 
so as to prevent the formation of float- 
ing, wind-driven ‘‘islands’’; the most 
feasible means of disposal will prob- 
ably be either incineration or burial. 

In some cases it may be desired to 
discharge digested sewage sludge in- 
termittently, to take advantage of 
strong currents, ebbing tides, or unique 
climatic or oceanographic cireum- 
stances. Sludge digestion in closed 
tanks provides storage for the digest- 
ing matter, permitting the discharge 
to be made at the will of the operator. 
Where bathing and other recreational 
uses are restricted to certain times of 
the vear when relatively mild air and 
water temperatures prevail, it may be 
possible to waste digested sewage 
sludge during the off-seasons so as to 
meet all nuisance requirements except- 
ing those health standards prescribed 
for bathing beaches. Inasmuch as 
bathing-water criteria are adopted to 
protect public health, the bacterio- 
logical degradation of littoral waters 
during non-bathing seasons may be 
considered completely compatible with 
requirements for health protection. 
An exception to this would be where 
shellfish beds might be adversely af- 
fected by the discharge. 


Dilution Techniques 


Once the problem has been clearly 
defined as one in which the disposal of 
sludge will effect an economy in opera- 
tion when compared with conservation, 
and, further, where the conditioning 
of the sewage solids through diges- 
tion will yield a substance which will 
mix readily with water and disperse 
rapidly, the solution becomes solely a 
matter of analysis of the particular 
geographical and oceanographical fae- 
tors at hand. It appears entirely feasi- 
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ble that in most cases where disposal 
of primary sewage effluents is pres- 
ently and adequately made, the dis- 
charge of digested sewage sludge may 
also be accomplished in full compli- 
ance with all requirements for health 
and safety. 

Provided currents are sufficient to 
effect a periodic exchange of polluted 
water with well-aerated salt water, it 
is practical to cause a dispersion at the 
point of disposal sufficient to prevent 
depletion of the dissolved oxygen. <A 
further requirement for satisfactory 
disposal by dilution is that the travel 
of the sewage-polluted water be in such 
direction and of such duration as to 
assure that concentrations of coliform 
bacteria at bathing beaches or recrea- 
tional areas will not reach the levels 
that will result in a potential health 
hazard. 

The State of California, through its 
Regional Water Pollution Control 
Boards, has defined certain eriteria for 
the disposal of sewage effluents into 
littoral waters. Regional Water Pollu- 
tion Control Board No. 4, which com- 
prises the Los Angeles-Ventura water- 
sheds, has requirements as follows: 


1. No grease, oil, or visible solids of 
waste origin in receiving waters or on 
beaches or shores. 

2. ‘‘Unavoidable discoloration of re- 
ceiving waters or oily slicks in the im- 
mediate vicinity of sewer and indus- 
trial waste outfalls may be permitted, 
providing no established beneficial use 
is adversely affected. ...”’ 

3. No 


water or 


odors in the receiving 
along adjacent beaches or 
shores such as that they may consti- 
tute a nuisance.’’ 

4. Coliform densities to conform to 
State Board of Public Health require- 
ments. 

5. No ‘*. . . econeentrations of toxic 
materials in the receiving waters which 
would be detrimental to human, ani- 
mal, fish, plant, or bird life.’’ 


SEWAGE AND INDUSTRIAL WASTES 


November, 1954 


6. No ‘*. .. sludge banks or deposits 
on the oeean floor or alone adjacent 
shores or beaches to the extent that 
they would significantly interfere with 
development of marine life or would 
cause nuisance due to odors or unsight- 
liness.’’ 


It should be noted from examination 
of these criteria that the disposal of 
digested sewage sludge introduces but 
one additional factor aside from those 
attendant upon the disposal of sewage 
effluent: the question of formation of 
sludge banks. It is also of interest 
to note that sludge banks are not con- 
sidered inherently damaging, but that 
they are to be subject to review on the 
basis that they ‘‘significantly inter- 
fere with development of marine life 
or would cause nuisance due to odors 
or unsightliness. 

It may be possible in many instances 
to effect proper disposal of digested 
sewage sludge by dilution in lakes or 
rivers. However, fresh-water lakes 
and rivers are often sources of drink- 
ing water and in many instances are 
either too small to enable immediate 
effective dilution or lack currents suf- 
ficient to replace polluted water with 
fresh water. The problems involved 
in achieving a satisfactory disposal of 
digested sewage sludge may be dif- 
ficult to solve in such cases. A unique 
case is that of Portland, Ore., situated 
near the Columbia River, where the 
enormous volumes of water available 
for dilution indicate clearly that the 
disposal of sludge will pose no prob- 
lem, the Columbia River seldom ftlow- 
ing at a rate less than 100,000 cu. ft. 
per second (2). In the opinion of the 
Engineering Board which formulated 
a master plan for the disposal of 
Portland’s sewage, it was entirely 


feasible to dispose of the untreated 
raw sewage directly to the river with- 
out creating nuisances or endangering 
public health; however, the Board felt 
that the modest cost of primary sew- 
age treatment, when combined with 
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the disposal of the digested sewage 
sludge by addition to the primary ef- 
fluent with final discharge to the river, 
was a small price to pay for the addi- 
tional safeguards provided. 

Fewer problems are presented by 
disposal to the ocean, except where 
ocean waters are confined to estuaries. 
harbors, or bays; however, even here it 
may be possible to utilize dilution 
methods for disposal of digested sludge. 
In general, to be acceptable in con- 
fined waters some particularly favor- 
able circumstance must be present to 
enable the disposal to be made with- 
out nuisance. For example, the pri- 
mary sewage treatment plant of the 
East Bay Municipal Utility District, 
located adjacent to the Oakland termi- 
nus of the San Francisco-Oakland Bay 
Bridge, has satisfactorily practiced the 
disposal of digested sewage sludge 
through its outfall sewer since 1952. 
Although the discharge occurs at a 
depth of only 40 ft. in mid-channel, 


the coineidence of discharging sludge 
with ebbing tide assures that the flush- 
ing action of the currents will carry 
the digested sludge rapidly into the 
open reaches of San Francisco Bay, 
where it disperses and disappears with- 
out causing nuisanee or endangering 


public health. The decision to waste 
sewage sludge in this instance was in 
part occasioned by the lack of land on 
which to install sludge drying and con- 
ditioning equipment. 

The disposal of digested sewage 
sludge to littoral zones swept by strong 
ocean currents presents what is al- 
most an ideal set of circumstances for 
the use of this method. Where an 
ocean outfall has already demonstrated 
its ability to dispose of primary ef- 
fluent adequately without creating pol- 
lution or endangering public health. 
there appear to be no valid reasons 
why digested sewage sludge cannot be 
disposed of by the simple expedient of 
introducing it into the outfall along 
with the primary effluent. If digested 
sewage sludge is mixed with a primary 
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effluent similar to that discharged from 
the Joint Disposal Plant of the Los 
Angeles County Sanitation Districts 
(1), it would alter the nature of the 
primary effluent in the following man- 
ner: 


1. Increase the 
about 2 per cent. 

2. Increase the settleable solids by 
about 1.5 ml. per liter. 

3. Effect a slight decrease in the con- 
centration of coliform bacteria, inas- 
much as the sludge contains less or- 
ganisms per unit volume than the pri- 
mary effluent. 

4. Increase the total grease content 
about 20 per cent, this largely con- 
sisting of miscible or emulsified forms. 

5. Increase the chlorine demand by 
about 5 per cent. 


a-day 


B.O.D. by 


Disposing of digested sewage sludge 
by dilution is not confined to the mix- 
ing of sewage effluent and sludge with 
discharge through a common outfall. 
At times it may be desirable to eon- 
struct a completely separate outfall 
for the express purpose of discharg- 
ing the digested sewage sludge at such 
depth and distance from shore that no 
opportunity is afforded for the chance 
return of the material to the shore- 
line. Some reasons which would sug- 
vest the construction of a separate 
sludge line are as follows: 


1. Inadequacy of near-shore cur- 
rents to protect against the formation 
of sludge banks in areas where sig- 
nificant damage to bottom-dwelling 
marine organisms might result. 

2. Depths too shallow to afford the 
necessary initial dilution and disper- 
sion. 

3. The possibility that increased 
turbidity in near-shore waters may de- 
crease sunlight transmission and there- 
by alter the environment in such a 
manner as to affect marine flora and 
fauna. 


Construction of a separate sludge 
line can be done economically through 
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choice of engineering techniques which 
are available for laying small-diameter 
submarine pipes without the use of 
expensive equipment and divers. One 
technique used successfully in the Gulf 
of Mexico has been the placing of steel 
pipelines, welded into a single length, 
and pulled into place with offshore 
tuys and barges. Such an outfall ean 
be protected from the corrosive effect 
of salt water by cathodic means. At 
Ventura, Calif., a 21-in. diameter steel 
line, extending 2,400 ft. from shore 
into the Pacifie Ocean, was placed in 
1938 and remained without protection 
until 1950, at which time underwater 
investigation showed that deteriora- 
tion had reduced the shell to about 
one-half its original thickness. To pre- 
vent continued damage, cathodie pro- 
tection was installed in 1952; subse- 
quent investigation shows that no ap- 
parent deterioration has oceurred since 
the time of installation of a cathodic 
protective device. 


From oceanographical considera- 


tions, it may be possible to achieve 


sufficient immediate dilution at the 
ocean’s floor by use of an aspirator or 
jet pump to inerease the density of 
the sludge-sea water mixture to the 
point that it will remain submerged 
on the ocean’s floor in bottom areas 
specifically chosen for the final dis- 
posal of the wasted sludge. 


Conclusions 


Disposai of sewage sludge which ecan- 
not be economically transformed into 
useable end-products may be aceom- 
plished by several methods, including 
burial, incineration, and wastage to 
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bodies of water. The latter 
method has sometimes been construed 
to be unsatisfactory because of difficul- 
ties encountered in the past with the 
disposal of raw sewage. The factors 
which make the disposal of sewage 
sludge by dilution acceptable are as 
follows : 


large 


1. Baeterial decomposition in sludge 
digestion tanks alters the character of 
the erude sewage solids, changing them 
into a relatively homogeneous matter 
with significantly less oxygen demand 
and lower pathogenic content—a sub- 
stance amenable to ready dispersion 
when mixed with volumes of water. 

2. Reconstitution of digested sewage 
sludge with a primary effluent and dis- 
eharge through a common outfall may 
reasonably be accomplished in almost 
all instances where primary effluents 
are now being adequately disposed of 
to lakes, rivers, or oceans. 

3. Separate sludge outfalls may be 
constructed where mixing of digested 
sewage sludge with effluent may jeop- 
ardize health and safety standards. 
Separate sludge outfalls, being small- 
diameter pipes, can be placed eco- 
nomically and earried to such distances 
and depths as to insure satisfactory 
disposal, provided oceanographie con- 
siderations are observed in the design 
and location of the outfall. 
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BIOLOGICAL REDUCTION OF SODIUM CHLORATE 
AS APPLIED TO MEASUREMENT OF 
SEWAGE B.O.D. 
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Determination of the amount of oxy- 
ven required to biochemically oxidize 
the organic material present in sewage, 
and determination of the capacity of 
the receiving body of water to supply 
this oxygen, have been of great value 
as a laboratory approach to the prob- 
lem of predicting the pollutional effect 
of sewage. The limitations of the dilu- 
tion method for the determination of 
the B.O.D. of sewage were recognized 
by Mohlman (1) who summarized 
them as follows: 


limitations of the dilution 
method are well known, namely, the 
limited solubility of atmospheric oxy- 
gen, and consequent high dilution fac- 
tors; the difficulty of obtaining a re- 
producible, zero-demand dilution wa- 
ter; the problem of seeding sterile or 
bactericidal liquors; and the ‘marginal’ 
errors due to too high or two low 
depletions.”’ 


The use of synthetie dilution waters 
reduced much of the ineonsistency that 
was associated with the dilution 
method; however, the recent work of 
Lewin (2) is cited to eall attention to 
inconsistencies resulting from use of 
different dilution waters. 

Lederer (3)(4) introduced a _ pro- 
cedure for measuring the oxygen de- 
mand of wastes and polluted waters by 
determination of the oxygen equivalent 
of the nitrate (self-contained or added) 
that was biochemically reduced during 
a suitable ineubation period. The 
Lederer nitrate method subse- 
quently adopted as a  ‘‘standard 
method’? by the American Public 


Health Association (5). Since there 
was relatively no limit to the amount 
of oxygen as nitrate that could be pro- 
vided during ineubation, the oxygen 
demand of sewage could be determined 
without dilution. The excess oxygen 
or dilution method has been preferred, 
however, for one or more of the fol- 
lowing reasons: 


1. The facility with which the sam- 
ple of sewage is prepared for inecuba- 
tion is largely offset by the later de- 
terminations for residual nitrite and 
nitrate (6). 

2. The excess oxygen method more 
closely simulates natural conditions of 
dilution and reaeration. 

3. It has been shown that with 
proper precautions, the excess oxygen 
method ean give consistent results 
over the recommended range of oxygen 
depletion. 


Zehnpfennig (7) suggested the pos- 
sible use of sodium chlorate as a source 
of combined oxygen. If the reduction 
of chlorate proceeded to chloride, and 
if chloride appeared in proportion to 
the concentration of biochemically oxi- 
dizable matter initially present, the 
relative ease with which concentrations 
of chloride ion can be measured might 
make this a more acceptable combined 
oxygen procedure than the Lederer 
nitrate method. 

Agriculturists have investigated the 
possibility of biochemical reduction as 
an explanation for the disappearance 
of chlorate from soil to which chlorate 
had been applied for the purpose of 
weed control. Aslander (8) observed 
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FIGURE 1.—Chlorate oxygen demand of 
nutrient broth seeded 


a climatie gradient in the weed-killing 
effectiveness of chlorates in that their 
activity was greater the farther north 
He found that chlo- 
rates decomposed in soil at 30° C. Spe- 
cies of Penicillium, Aspergillus, and 
Fusarium, growing on the surface of 
hay infusions containing N/10 sodium 
chlorate solution, changed its strength 
to N/15 in 60 days. Bacteria were ob- 
served growing in the liquid portion 
of the infusion. He also observed that 
decomposition of chlorates took place 
in soil that was saturated with water. 

Crafts (9) and Rosenfels and Crafts 
(10) questioned the interpretation of 
the observed relation between soil fer- 
tility and chlorate toxicity (that the 
organie matter in soil reacts with chlo- 
rate in a biochemical process) and sug- 
gested that phenomena other than chlo 
rate reduction 
volved. Evidence 


they were used, 


were apparently in- 
of stimulatory 
effect on nitrification by the presence 
of chlorate is contained in their data. 
Karrer (11) and Nelson (12) favored 
the interpretation that chlorate tox 


icity to weeds was reduced by disap- 


pearance of chlorate throuch the ae- 
tivity of microorganisms, a condition 


a settled domestic sewage and of a dilute 
with settled sewage. 


that was stimulated by acidity, warm 
temperatures, and moist conditions. 

Quastel, Stephenson, and Whethem 
13) observed that hypochlorite, a 
possible intermediate reduction prod- 
uet of chlorate, was not formed when 
resting eells of Escherichia coli were 
allowed to act on lactate anaerobically 
in the presence of chlorate, although 
the presence of chlorite was demon- 
strated. Chlorite was found to be toxic 
to E. at a concentration of 50 
p.p.m. 


colt 


Preliminary Experiments 

To investigate the possible use of 
sodium chlorate as a source of com- 
bined oxygen, settled sewage and di- 
lute nutrient broth seeded with settled 
sewage were placed in a series of bot- 
tles containing an estimated excess of 
sodium chlorate. The dissolved oxy- 
ven and chloride concentrations were 
determined for the sewage-chlorate 
mixtures initially and following in- 
cubation at 20° C. The results (Fig- 
ure 1) indicated that chlorate was re- 
dueed at a varying rate, similar to that 
in the standard B.O.D. de- 
termination. 


observed 
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To further evaluate a ‘‘chlorate oxy- 
gen demand’ procedure, the following 
steps were carried out: 


1. The 5-day B.O.D. and the 5-, 10-, 
or 20-day chlorate oxygen demands 
were determined for sewage obtained 
from several sourees. 

2. Known amounts of glucose were 
added to settled or raw sewage and the 
oxygen demand of the resultant mix- 
tures determined by both the dis- 
solved and combined oxygen demand 
procedures. 

3. The dissolved oxygen and com- 
bined oxygen demands of a synthetic 
sewage in mixture with settled sewage 
were compared. 


B.O.D. Comparison 


The analytical procedures for the de- 
termination of the 5-day B.O.D. and 
the chloride concentration were those 
recommended for use by Standard 
Methods (14), the Mohr method being 
used for chloride determination. The 
chlorate oxygen demand was deter- 
mined as follows: 


1. Sodium chlorate solution of de- 
sired strength was placed in 300-ml. 
B.O.D. bottles. 

2. Sufficient sewage was siphoned 
into each bottle so that when the glass 
stopper was inserted, the bottle was 
completely filled. 

3. The bottles were placed in an in- 
cubator and kept at 20° C. for the de- 
sired incubation period. 

+. The dissolved oxygen and chloride 
concentrations were measured at the 
start and conclusion of the ineubation 
period. 


The 5-day B.O.D. and the 10-day chlo- 
rate oxygen demand were determined 
for approximately 60 different sam- 
ples of sewage. The 5-day chlorate 
oxygen demand was determined for 
approximately 30 samples and the 20- 
day chlorate oxygen demand was de- 
termined for 15 samples. 


MEASUREMENT 


Results and Discussion 

The results of these studies are 
plotted in Figures 2, 3, and 4. A di- 
rect linear relationship was found to 
exist between the 5-day B.O.D. of a 
waste and its 5-, 10-, and 20-day chlo- 
rate oxygen demand. The chlorate 
oxygen demand of settled sewage after 
incubation for 5, 10, and 20 days at 
20° ©. was found to be, respectively, 
0.64, 0.76, and 0.87 of the 5-day B.O.D. 

It is evident that a 10-day ineuba- 
tion period extends the range over 
which the chlorate oxygen demand de- 
termination results are linearly related 
to the 5-day B.O.D. <A 5-day ineuba- 
tion period was adequate for sewage 
having a strength of less than 100 
ppm. of 5-day B.O.D. Initial disturb- 


en Demand PPM at 


re) 


5-Day Biochemical Oxyy 


so 100 iso 200 
S-Day Chlorate Oxygen Demand 
PPM at 20°C. 


FIGURE 2.—Relationship between 5-day 
B.O.D. and 5-day chlorate oxygen demand 
of sewage. 
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|_| 


so 100 


150 200 250 


10-Day Chlorate Oxygen Demand 


PPM at 20°C. 


FIGURE 3.—Relationship between 5-day B.O.D. and 10-day chlorate oxygen 
demand of sewage. 


ances, such as an unusually long lag 
period during which little chlorate re- 
duction occurred, would show their 
effect more noticeably after incubation 
for 5 days than 10 days. Moreover, 
the the strength, the 
longer the period required for oxida- 
tion of a fixed percentage of the total 
oxidizable material present. This is 
evident from Figure 1. The initial 
oxidation rate for the settled sewage 
was higher than that of the relatively 
poorly inoculated, dilute nutrient 
broth. The maximum rates of chlo- 
rate reduction for both the settled sew- 
age and the dilute nutrient broth are 
comparable; however, the maximum 
rate continued for a longer interval of 


creater waste 


time for the stronger settled sewage, 
thus resulting in a higher ultimate 
oxygen demand. The comparable state 
of oxidation of settled sewage at the 
end of 10 days, when 73 per cent of 
the 65-day chlorate oxygen demand 
had been satisfied, was reached by the 
dilute nutrient broth after incubation 
for 17 days. 

From these results, it may be con- 
cluded that the chlorate oxygen de- 
mand is as proportional to the amount 
of biochemically oxidizable matter 
present in sewage as is the 5-day B.O.D. 


Oxygen Demand of Glucose 


The chlorate oxygen demand of glu- 
cose was determined by the following 
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procedure. Settled sewage (100 ml.) 
was placed in each of a series of 300- 
ml. B.O.D. bottles. A sodium chlorate 
solution of known strength was added 
to each bottle. Following addition of 
glucose, the bottles were completely 
filled with dilution water, stoppered, 
and placed in an ineubator at 20° C. 
The dissolved oxygen and chloride con- 
centrations were determined initially 
and following incubation. 

The inerement of 10-day chlorate 
oxygen demand corresponding to a con- 
centration differential of 50 p.p.m. of 
glucose was 23.6 p.p.m., while the com- 
parable value for the 5-day B.O.D. 
was 33.4 p.p.m. (averages of 18 de- 
terminations). These values are, re- 
spectively, 44.2 and 62.6 per cent of 
the calenlated ultimate oxygen demand 
of 50 me. of glueose. The standard 
deviation from the mean for the 5-day 
B.O.D. of 50 mg. of glucose was + 5.3 


-PPM at 20°C. 
Nn 


5-Day Biochemical Oxygen Demand 


| 
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mg.; that for the chlorate oxygen de- 
mand was + 4.6 mg. 


Oxygen Demand of Synthetic 
Sewage 


Varying amounts of a synthetic sew- 
age of the same relative composition as 
that used by Butterfield, Rucchoft, and 
McNamee (15) were added to settled 
sewage, following a procedure similar 
to that described for controlled addi- 
tions of glucose. 

The average value for the 10-day 
chlorate oxygen demand for a concen- 
tration differential of 50 ml. of syn- 
thetic sewage per 308 ml. of solution 
was 32.2 p.p.m. (average of 9 results) ; 
the corresponding value for the 5-day 
B.O.D. was 45.5 p.p.m. The standard 
deviations from the mean for these 
values were + 5.85 p.p.m. for the 10- 
day chlorate oxygen demand, and 


50 rete} 


159 200 


20-Day Chlorate Oxygen Demand 


PPM at 20°C. 


FIGURE 4.—Relationship between 5-day B.O.D. and 20-day chlorate oxygen 
demand of sewage. 
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TABLE I.—Effect of Chlorate Concentration on 
Chlorate Oxygen Demand of Settled Sewage' 


Chlorate 
Oxygen 
Demand 


Oxygen 
Added as 


Chlorate 


Incubation 
Period 


p.p.m (days) (p.p.m.) 

ofl 5 58. 
10 
32 

LOS 5 79.5 
10 109 
32 114 

216 85.5 
10 L112 
32 147 

324 5 83.5 
LO 113 
32 145 


1 B.0.D. (5-day, 20° C.) of settled sewage 
was 147 p.p.m. 


+ 9.08 p.p.m. for the 5-day B.O.D. 
The ratios of the 10-day chlorate oxy- 
gen demand to the 5-day B.O.D. for 
added increments of glucose and syn- 
thetic sewage were 0.707 and 0.710, 
respectively. 


Chlorate Concentration 


The concentration of sodium ehlo- 
rate in settled sewage was varied in 


TABLE II.—-Effect of Chlorate Concentration 
in Large Excess on Chlorate Oxygen 


Oxygen Incuba- Chlorate | 


| 5-Day 
| Added as | tior | Oxygen 
Chlorate Period D 
(p.p.m.) (days) (p.p.m.) 
X | 400 | 5 | 57.4 91.9 
10 | 67.3 91.9 
| 
600 5 56.9 91.9 
10 68.6 | 91.9 
| 
Z) 5 | 177 285 
10 | 229 285 
Z 1,000 5 | 183 | 285 
10 221 285 


' Series Z consisted of bottles filled with a 
synthetic sewage (15) seeded with 10 per cent 
settled sewage. 
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such a manner as to insure the pres- 
ence of an excess in one group of bot- 
tles and a deficiency in another group. 
From the results of this experiment 
(Table I) it is apparent that in 5 days 
all of the sodium chlorate had been re- 
duced to sodium chloride in those bot- 
tles initially containing 54 p.p.m. of 
combined oxygen. At the end of 10 
days, all of the chlorate in those bottles 
containing 108 p.p.m. was accounted 
for by the increase in chloride concen- 
tration. There was no significant dif- 
ference in the amount of chlorate re- 
duced when chlorate was present in ex- 
These results were confirmed by 
a similar experiment in which sodium 
chlorate was added to settled sewage 
From the results of 


cess. 


in large excess. 


TABLE III.—-Effect of Chlorate Oxygen 
Demand on Reduction of 5-Day 
B.O.D. 

— — — — 
Time Demand B.O.D. | 
(days) | (p.p.m.) | (p.p.m.) | ‘ hl. Oxy. Demand 
5 | 37.0 30.0 0.811 
10 | 674 69.6 1.032 
10 16.8 36.1 0.772 
31 25.8 >21.6 >0.837 
31 78.1 56.6 0.725 
124 98.8 0.796 
31 164 0.742 
36 90.1 718 0.796 
12 48.4 | 38.7 0.800 
$2 82.1 | 68.3 0.832 
42 116 99.0 0.853 
42 | 168 i; 143 0.851 
12 | 140 i; 110 0.786 
12 99.6 | 75.6 0.759 
42 | 158 120 0.758 
42 186 132 0.711 
42 213 160 0.750 
18 108 4165 | 0.709 
18 50.1 | 43.3 0.865 
18 25.2 | 216 0.856 
48 15.7 11.2 0.713 
59 246 191 0.776 
59 170 141 | 0.830 
59 94.7 76.4 | 0.806 
59 132 109 | 0.825 
153 176 «(154 0.875 
| 
Average (Excluding 1.032)...... 0.793 
Median (Excluding 1.032)... 0.800 
Standard deviation........ +0.051 
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this experiment (Table II) it is again 
apparent that the reduction of sodium 
chlorate is independent of its concen- 
tration. There was no apparent in- 
hibitory effect on chlorate reduction re- 
sulting from the presence of as much 
as 1,000 p.p.m. of chlorate oxygen. 


5-Day B.O.D. Reduction 


The 5-day B.O.D. of sewage-chlorate 
mixtures after incubation for various 
time intervals was determined. The 
dilution water used was seeded with 
settled sewage. In several instances, a 
sufficient number of replicates were 
prepared to observe daily changes in 
chlorate reduction, B.O.D., and the re- 
duction of 5-day B.O.D. (Table IIT). 
Previously incubated sewage-chlorate 
mixtures were used to seed fresh sew- 
age-chlorate mixtures. The results ob- 
tained by the use of a single large 
bottle were compared to those obtained 
by the use of the multiple-bottle tech- 
nique. 

Since the change in 5-day B.O.D. 
may be considered to be directly re- 
lated to the ‘‘disappearance’’ of bio- 
chemically oxidizable material, the 
data of Table IIT further substantiate 
the conclusion that the reduction of 


n Demand-PPM 
g 8 


+ 


Chlorate Oxyge 
co) 
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sodium chlorate is directly propor- 
tional to the amount of biochemically 
oxidizable material originally present 
in sewage. 

The results obtained through use of 
a single incubation bottle as compared 
to those obtained through use of the 
multiple-bottle technique (for daily ob- 
servations) are shown in Figure 3. 
Chlorate oxygen demand results from 
both procedures are clearly compara- 
ble. Among the advantages of the 
single-bottle technique are reduced in- 
cubator space required, reduced labor 
in filling and cleaning bottles, and 
elimination of variability between 
replicate bottles. In the single-bottle 
procedure, sodium chlorate solution 
was added to sewage and the mixture 
was siphoned into an aspirator-type 
bottle, which was then stoppered. The 
atmosphere over the chlorate-sewage 
mixture was then flushed with nitrogen 
and the bottle placed in an incubator. 
When samples were withdrawn, addi- 
tional nitrogen was admitted. 

The effect of inoculation with previ- 
ously incubated chlorate-sewage mix- 
tures in which chlorate reduction had 
occurred is shown in Figure 6. In- 
oculation decreased the time interval 


© Single Bottle Technique 
@ Multiple Bottle Technique 


4 4 


19 


© 


8 


344 5 7 9 
ime of Incubation - Days at 20°C. 


FIGURE 5.—Comparison between the single- and multiple-bottle techniques for 
determination of chlorate oxygen demand. 
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\ 2 > 4 


4 4 4 4 4. 


Ss © 8 9 10 


Time of Incubation -Days at 20°C. 


FIGURE 6.—The effect of inoculation with a previously incubated chlorate-sewage 
mixture, in which chlorate reduction had occurred, on the chlorate oxygen demand of 


settled sewage. 


prior to rapid reduction of chlorate. 
There was no evidence of an increased 
maximum rate of chlorate reduction as 
a result of the presence of an inoculum. 


Bacteriological Studies 


Preliminary bacteriological studies 
indicated that pasteurization at 85° C. 
for 10 min. did not destroy the ea- 
pacity of previously ineubated sew- 
age-chlorate mixtures (in which chlo- 
rate reduction had occurred) to supply 
chlorate reducing activity when used 
as an inoculum for sterile sewage. 
Pure cultures of Escherichia 
Aerobacter aerogenes, Serratia mar- 
Proteus vulgaris, Bacillus 
macerans, and Pseudomonas fluorescens 
did not reduce sodium chlorate to chlo- 
ride when inoculated into sterile sew- 
age under conditions of the test. Plate 
counts made after two successive en- 
richments of chlorate-sewage mixtures 
(in which chlorate reduction had oe- 
eurred) into sterile sewage led to the 
conclusion that an inerease in num- 


coli, 


cescens, 


bers of organisms was associated with 
reduction of sodium chlorate. 


Summary and Conclusions 


A new method for the determination 
of the oxygen demand of sewage is 
presented and its applicability for 
measurement of the biochemical oxy- 
gen requirements of sewage is dem- 
onstrated. It is econeluded that: 


1. The relative amount of biochem1- 
cally oxidizable material present in 
sewage can be determined by inecubat- 
ing the sewage, in mixture with an 4 
exeess of sodium chlorate, under con- 
ditions that exclude atmospheric oxy- 
gen, and measuring the inerease in 
chloride concentration that oceurs. 

2. In the determination of the chlo- 
rate oxygen demand, a 5-day inecuba- 
tion period was shown to be adequate 
if the oxygen requirements of the sew- 
age did not exceed 100 p.p.m. (5-day 
B.O.D.). A 10-day period of ineuba- 


tion is recommended. 
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3. Inceulation of fresh sewage-chlo- 
rate mixtures with mixtures remaining 
from a previous enrichment in which 
chlorate reduction had occurred, re- 
duced the time interval required for 
commencement of rapid chlorate re- 
duction. Inoculation had no apparent 
effect on the maximum rate of chlorate 
reduction or on the ultimate oxygen 
demand of the sewage. 

4. The chlorate oxygen demand is 
independent of the concentration of 
sodium chlorate, provided the sodium 
chlorate is added in excess of the oxy- 
ven requirements of the sewage and 
the amount added is not inhibitory to 


This method is based on the reduc- 
tion of sodium chlorate by the action 
of microorganisms in the presence of 
oxidizable organie material and in the 
absence of dissolved oxygen. The re- 
duetion of sodium chlorate, which is 
added in excess to sewage, results in 
an increase in sodium chloride concen- 
tration which is proportional to the 
concentration of biochemically oxidiza- 
ble material originally present. The 
amount of reduction is, within reason- 
able limits, independent of the concen- 
tration of chlorate, provided the ehlo- 
rate is present In excess, 
Reagent 

Stock sodium chlorate solution may 
be prepared by dissolving 34.2 g. of 
sodium chlorate in distilled water and 
diluting the solution to 11. One milli- 
liter of this solution when diluted to 
308 ml. will provide a concentration of 
50 p.p.m. of combined oxygen in the 
resulting mixture. The strength of 
the sodium chlorate solution may be 
varied for convenience. 


Procedure 


Add the sewage directly to a glass- 
stoppered bottle containing esti- 
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the organisms concerned in effecting 
the reduction of chlorate. 

o. The 10-day chlorate oxygen de- 
mand test, as proposed, measured in- 
crements of glucose and synthetic sew- 
ave (added to settled and raw sewage) 
with as good a degree of precision as 
did the 5-day B.O.D. 

6. Pasteurization (85° C. for 10 
min.) did not reduce the ability of 
previously incubated chlorate-sewage 
mixtures to furnish chlorate reducing 
activity to sterile sewage. None of 
eight organisms tested alone in sterile 
sewage was capable of effecting the 
reduction of chlorate to chloride. 


mated excess of sodium chlorate. 
When the glass stopper is inserted, the 
bottle should be completely filled. A 
sufficient number of bottles should be 
filled so that it is possible to measure 
the initial concentration of dissolved 
oxygen, the initial concentration of 
chloride ion, and the final concentra- 
tion of chloride ion. The Mohr method 
for determination of the chloride con- 
centration is recommended. <A blank 
determination is not necessary if the 
aliquot for the initial chloride deter- 
mination is identical in size with that 
taken for the final analysis. 

The usual period of incubation may 
be taken as 10 days; the usual tem- 
perature, 20° C. It is recognized that 
for some wastes the period of adjust- 
ment during which little chlorate re- 
duction oceurs may be either unusu- 
ally short or unusually long. In either 
event, the amount of chlorate reduc- 
tion at the end of 10 days may not 
be a true indication of the relative 
strength of the waste. It is possible 


to reduce the incubation time required 
for oxidation of a fixed percentage of 
the ultimately oxidizable material by 
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inoculation of the fresh sewage-chlo- 
rate mixture with sewage-chlorate mix- 
tures in which chlorate reduction had 
occurred. It may be necessary to seed 
some wastes with settled domestie sew- 
ave in order to insure the presence of 
organisms capable of effecting the re- 
duction of sodium chlorate. 
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Calculation 

The difference 
chloride 
chloride 


between the initial 
coneentration and the final 
concentration, expressed in 
parts per million of NaCl, is multiplied 
by the faetor 0.82 in order to obtain 
the chlorate oxygen demand of the 


waste, expressed in parts per million. 
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EFFECT OF SEWAGE IRRIGATION UPON SOILS 


By Ernest W. STeet anp E. J. M. 


BERG 


Professor of Sanitary Engineering and Research Chemist, respectively, 
University of Texas, Austin, Tez. 


The purpose of the project reported 
here was to determine on a laboratory 
seale the effect of sewage irrigation as 
compared to tap-water irrigation on 
the physical and chemical properties 
of various soils. 

Soils from six different locations 
were secured. The type of each was 
determined by the beaker method as 
viven by Piper (1). All the tests were 
made, with slight modifications in some 
cases, according to the standard meth- 
ods given by Piper and other writers 
on the subject. 

Soil 1, a clay loam, was taken near 
Mitchell Lake, 8 mi. south of San An- 
tonio, Tex. It had been irrigated with 
sewage for at least 10 vears, sometimes 
used as pasture land, sometimes in 
cultivation. Soil 2, the same type as 
soil 1, was taken within 300 vd. of the 
soil 1 sampling location, but had not 
been irrigated. Soil 3 is a silty clay 
loam, soil 4 a sandy loam, and soil 5 a 
sand. Soil 6 is a sandy loam, differing 
from soil 4 in containing numerous 
small limestone particles. 

The different soils are referred to 
herein by the numbers previously used ; 
in addition sewage-irrigated soil 1 is 
referred to as soil la, and tap-water 
irrigated soil 1 is referred to as soil 
1b; the other soils are numbered simi- 
larly. 

The soils were prepared for the 
study in the following manner. Each 
soil was spread out on a flat surface 
to be air-dried. Substances not natu- 
rally part of the soil, such as rocks and 
pebbles, twigs and similar plant ma- 
terial were removed. Clods were 
crushed, but not ground. The remain- 
ing material was then properly mixed 


and quartered, sieved using a sieve 
with 2-mm. openings, and then filled 
into the pots. A portion of each soil 
was set aside for the other studies. 

Table 1 gives the analyses of the tap 
water used and also of the sewage. 
The sewage is derived from the tap 
water. 


Preparation of the Pots 


The pots used were of glazed clay 
and about 0.3 eu. ft. in capacity, with 
a \,-in. hole in the bottom. A short 
piece of glass tubing inside of a rub- 
ber tube was fitted into each hole so 
the drainage water could be caught. 
A number of pebbles were placed 
around each tube to prevent clogging. 

The water-holding capacity of each 
soil was determined according to Piper 
(1), but using Gooch crucibles instead 
of brass boxes. The soil was weighed 
as it was placed in the pot and slightly 
tamped while doing so. An amount of 
water according to the weight of the 
soil and its water-holding capacity was 
vradually added after each pot was 
filled. Two pots were prepared for 
each soil; pot a to be irrigated using 
settled sewage from the Austin. Tex., 
sewage treatment plant, pot b to be 
irrigated with tap water. 


Irrigation Routine 


Usually all soils were irrigated at the 
same time and received the same vol- 
ume of either sewage or tap water. 
They were irrigated when the top soil 
was dry enough to break the crust to 
a depth of 2 to 3 in., the amount of 
irrigation water being determined by 
the appearance of drainage from the 
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TABLE I.--Analyses of Tap Water 


and Sewage 
Designation Magnitude 


(a) TAP WATER 


pH 9.7 

Dissolved solids 135 p-p.m. 
HCO; 21) p.p.m. 
CO 16 p.p.m. 
sO, 21 p.p.m. 
(‘| 30 p.p-m. 
NO 32. p.p.m. 
Fe, total 0.03 p-p.m. 
Si 6.4 p.p.m. 
Ca 10. p.p.m. 
Mg 9.7 p.p.m. 
K 12.2 p.p.m. 
Total hardness 65  p.p.m. 
Non-carb. hardness 21 p.p.m. 

(b) SEWAGE 

Total solids 450 p-p.m. 
Volatile solids 300 p.p.m. 
Suspended solids 140 p-.p.m. 
Ammonia 20 
BOD 144. p.p.m. 
NO, p.p.m. 
NO; 0 p.p.m. 


bottom of the pot. If the chlorides 
test was abnormally high, an extra 
amount of or water added 
would carry this to the lower layers 
of the soil, as would happen in actual 
irrigation, either as a result of irriga- 
tion or occasional rainfall. The drain- 


sewage 
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age from each pot was measured and 
analyzed for organic nitrogen. 

The first irrigation took place Feb. 
27, 1952, and the last on May 28, 1953. 
During that time 36 irrigations total- 
ing about 54 1. of water or sewage 
were made to each pot. Based on the 
upper diameter of the pot, this amounts 
to about 35 in. during the 15 months, 
or 25 in. a year. <All pots were irri- 
vated with tap water for leaching pur- 
poses July 10 and 30, 1952, and March 
26, 1953. 

After May 28, 1953, the pots were 
eradually emptied as the soil dried out 
from the top down; the soil from each 
was stored separately to allow air-dry- 
ing. About June 22, each soil was 
again spread out on a flat surface, 
rolled, sieved and quartered, and sam- 
ples stored for the final analyses and 
tests. 


Organic Nitrogen 


Table II gives the total weight of 
the soil placed in each pot and the total 
weight of solids and organic nitrogen 
(1)(8) added during the study. The 
total amount of solids added is small, 
only 0.323 per cent of the total weight 
of soil la; for soil 3a, the least weight 


TABLE II.--Summary of Irrigations and Organic Nitrogen 
| | | Solids Added (g.) Organic N | 

| Water | Drain- Used 
Soil! tion Added* | | Total Total | Pots 
| Susp. Total Start End 

| | @ | (%) 

la | 53.65 | 7.75 | 7.00 | 10.13 | 7.07 | 36.48 | 18.60 | 2.24 | 0.06 | 0.0132 | 0.099 | 11,437 
lb | 53.40/ 5.75 | 135] — | — = — | — | 0.01 |0.0132| 0.097 | 11,437 
2a | 53.65 | 7.75 | 9.68 | 10.13 | 7.07 | 36.48 | 18.60 | 2.22 | 0.12 | 0.133 | 0.098 | 9.947 
| 53.40| 5.75 | 484| — | — — | | — | 0.01 10.137 | 0.091 | 9,947 
3a | 51.75 | 7.75 | 10.67] 9.83 | 7.04 | 35.19 | 17.95 | 2.13 | 0.07 | 0.125 | 0.068 | 8,887 
3b | 52.25| 5.75 | — | — | — | | — | 0.92 |0.125 | 0.070 | 8.887 
ta | 52.00| 7.00 | 8.12| 9.92} 7.08 | 35.36 | 18.03 | 2.14 | 0.06 | 0.182 | 0.085 | 10,059 
th | 52.00| 5.75 | 348) — — — — | — | 0.02 |0.182 | 0.017 | 10,059 
5a | 52.75| 7.00 | 6.11] 9.93 | 6.99 | 35.87 | 18.29 | 2.00 | 0.05 | 0.022 | 0.009 | 14,035 
5b | 52.75 | 5.75 | 241] — — — | 0.03 | 0.022 | 0.010 | 14,035 
6a | 53.20} 7.00 | 8.59 9.98 | 6.99 | 36.18 | 18.45 | 2.18 | 0.06 | 0.160 | 0.102 | 9,248 
6b | 53.20 5.75 | 408] — [> — | 0.01 | 0.160 0.100 | 9,248 


1 Sewage irrigation denoted by a, tap-water irrigation by b. 


? For chloride removal. 
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TABLE III.—Total Organic Nitrogen of the Soils 


Total Organic Nitrogen 


Lost in Total 
At Btart Drainage Input? 
g. (g.) (g.) 


(4) (5) (6) 


0.06 17.28 11.32 
0.01 15.09 11.09 
0.12 15.43 9.75 
0.01 13.32 9.05 
0.07 13.17 6.03 
0.02 11.09 6.22 
0.06 20.39 8.55 
0.02 18.29 | 1.71 
0.05 | 504 | 1.26 
0.03 | 306 | 1.40 
0.06 | 1692 | 9.43 
0.01 | 14.79 | 9.25 


2 Col. 2 + Col. 3 — Col. 4. 
3 Col. 5 — Col. 6. 


Sewage Irrigated 


---- Water Irrigated 


| Indicates Leaching 


CHLORIDES, P.P.™ 


FIGURE 1.—Soluble chlorides in soil No. 1. 
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- id | Lost Lost* 
| (g.) (%) 
| 
a) (2) | (3) 8 8 (8) 
. la 15.10 2.24 5.96 | 346 
ib 15.10 0 4.00 26.7 
; 2a 13.33 2.22 5.68 36.7 rae x 
2b 13.33 0 | 4.27 32.0 
3a 11.11 | 2.13 7.14 54.3 
3b | | 0 4.87 40.3 
fa | 18.31 2.14 | 11.84 58.4 
4b 18.31 | 0 16.58 90.3 
5a 3.09 | 2.00 3.78 74.9 
5b 863.09 | 0 | 1.66 54.2 
6a 14.80 2.18 | 7.49 44.2 
6b =| 0 | 5.54 37.6 
Z ! Sewage irrigation denoted by a, tap-water irrigation by b. so 
4Col. 7 
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FIGURE 2.—Soluble chlorides in soil No. 2. 


of soil used, the amount was 0.362 per 
cent. These are small amounts, but 
they may have effects. An application 
of fertilizer at the rate of 10 tons per 
acre amounts to only about 0.14 per 
cent by weight of the top 4 in. of the 
treated soil. 

Table III vives the total amount of 
organie nitrogen in each pot, based on 
the values given in Table II, at the 
beginning and end of the study. It 
also gives the amounts of organic nitro- 
gen added, and the amounts lost by 
drainage. Two facts can be noted 
from the table: although the amount 
of total volatile solids added to each 
pot ranges below 0.3 per cent of the 
weight of the soil in the pot, the 
amount of organie nitrogen added, 
with the exception of soil 5, a sand, 
ranges from 13 to 20 per cent of the 
total organic nitrogen held by the soil. 
Yet, the total amount of organie nitro- 
ven held by each pot is less at the end 


of the test than at the beginning. The 
amounts lost range from 352.1 per cent 
soil 2b) to 74.9 per cent (soil 5a). 
This loss eannot be accounted for by 
leaching, as this loss was determined 
for each irrigation. It can only be 
explained by denitrification. 
According to Robinson (2): ‘‘There 
is also the possibility that nitrates may 
be transformed by bacterial action into 
elementary nitrogen. Denitrification, 
as the process is ealled, represents a 
definite loss of nitrogen from the soil. 
It is the work of a bacterium, B. deni- 
frificans, the conditions for whose ac- 
tivity appear to be the presence of 
large quantities of fresh organic mat- 
ter and the alternation of aerobic and 
anaerobie conditions.’’ These condi- 
tions apply to the sewage-irrigated 
soils, which received both water and 
organie additions; but the tap-water 
irrigated soil received no organie addi- 
tions. Of the sewage-irrigated soils, 
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la, which had been irrigated with sew- 
age for more than 10 years, lost the 
lowest percentage of its organic nitro- 
ven (34.6) ; and 1b, which had received 
tap water only during the course of 
the test, lost only 26.7 per cent, less 
than la, and least of all the soils. 


Soluble Chlorides 


The accumulation of soluble chlo- 
rides in soil is to be expected when it 
is irrigated with sewage. Such ac- 
cumulation and its leaching was stud- 
ied. A modification of the method of 
Piper (1) was used to determine the 
amount of soluble chlorides in the soil 
sample. Samples for testing were 
taken from the top 3 in. of the pot, 
except at the beginning and end of 
the study. As already indicated, irri- 
vation, whether with tap water or sew- 
age, proceeded with each pot until 
sufficient drainage oecurred to permit 
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analysis for chlorides and organic 
nitrogen. At the end of the study the 
average chloride content of the sew- 
age-irrigated soils was 137 p.p.mn., of 
the water-irrigated soils, 88 p.p.m. 
As expected, chlorides built up in 
the soils (Figures 1 to 6). When they 
became high their concentration was 
reduced by irrigation with larger ap- 
proximately equai amounts of sewage 
or tap water. Arrows on the figures 
indicate when leaching with tap water 
was done. A few comparisons are of 
interest. Although the applied sewage 
had a chloride content of 146 p.p.m. 
and the tap water 54 p.p.m., the rate 
of accumulation showed no correlation 
between these two amounts. Behavior 
of the various soils in the aecumulation 
of chlorides and leaching by irrigation 
with tap water is related to the type of 
soil. Soils 1, 2 and 3, the silty clay 
loams accumulated more chlorides in 
a given time than the sandy loams and 
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FIGURE 3.—Soluble chlorides in soil No. 3. 
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TABLE IV.—-Comparison of Chlorides in Soils 
| t Rat 
Are Area 
1,210 14 
2 2 1,639 1,149 | 142 
3 3 1586 1,204 132 
1,123 945 119 
5 678 624 109 
6 6 1,218 | 126 
Area under curve for soil irrigated with 
sewage 


* Area under curve for soil irrigated with tap 
water. 

Ratio of a area to b area, 
sand. This was established roughly 
by noting the areas beneath the curves 

see Table IV). 

The soil 1, which had 
long been irrigated, as compared with 
soil 2, indicates that the longer a soil 
irrigated the 
vreater is the tendency to accumulate 


chlorides. 


behavior of 


has been with sewage 
This is also shown, in a gen- 
eral way, by the curves of all soils 
Figures 1-6). Both the sewage-irri- 
and the water-irrigated 
tended to have somewhat higher chlo- 
rides in the last six months of the study 
period. Leaching, however, suffi- 
ciently effective to reduee the chlo- 
rides to a non-injurious level. 


vated soils 


Water-Retaining Power 


One-quart ice cream cartons were used 
for determining the water-retaining 
power of the soils. Holes about 14 ,-in. 
in diameter were punched in the bot- 
tom of each and filter paper was placed 
above them. Each carton was weighed 
and then filled with a known amount 
of each soil which had been air-dried 
and sieved. Water was then added to 
the extent of its holding capacity. Six 
such cartons were prepared and tested 
at the beginning of the study for each 
of the original soils and twelve were 
set up for irrigated soils. For each 
specimen weighings were made to de- 
termine the proportion of the water 
added still held by the soil. At the 
end of 29 days further loss of water 
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had practically ceased, except for the 
sandy soil, No. 5, which had lost prac- 
tivally all its water at the end of 17 
days. 

In general, irrigation under the test 
conditions, either with sewage or tap 
water, had no significant effect upon 
water-retaining capacity. com- 
pared with the capacity of the original 
soil, irrigation reduced it. This may 
be ascribed to irrigation in the absence 
of such faetors as tillage and worm 
action. The percentage of water re- 
maining in the soils after 15 days and 
29 days is given in Table V. It will 
be noted that the irrigated soils in each 
case retained slightly more moisture 
at the end of the observation period 
than did the original soil. 


Water-Raising Power 


A study was made to determine 
whether sewage irrigation would affeet 


TABLE V.— Water Retained in Soil Specimens 


Moisture Retained 
Soil! 

After After 
15 Day 20 Day 
28.4 1. 
la 16.5 3.3 


db 


6 28. OS 
6a 2.6 
6b 14.- 2.4 


' Sewage irrigation denoted by a, tap-water 
irrigation by b; unlettered designates original 
soil. 


cat 
| 
| 
i 
| 
* 
3 
3 | 
1 
3 
ene 2b | 18.6 3.0 
ee 3 | 38.2 1.6 
3b 25.8 7.1 
| 15 
fa 14.4 2.5 
th 13.2 2.5 
5 0.7 
da 1.0 
= 1.2 
j 
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FIGURE 4.—Soluble chlorides in soil No. 4. 


the capacity of the soil to raise water 
from deeper levels toward the surface 
where vegetation could utilize it. 
Glass tubes 4 ft. long with an 1%- 
in. inside diameter were used. The 
tubes were filled with the soils grad- 
ually and compaction was obtained by 
tapping and rotating the tubes. Each 
tube was then set up vertieally in a 
beaker of water. The height to which 
the water had risen in each tube was 
measured over a period of 30 days. 
Except for the sandy soil 5, the data 
obtained indicate that irrigation with 
sewage reduces the speed at which wa- 
ter will rise in the soil. Irrigation with 
tap water resulted in faster rising rates 
as compared with those of the original 
soils in some cases, but comparison of 
the original soil samples in the tubes 
with the irrigated samples is prob- 
ably hazardous. More nearly com- 
parable are the two types of irrigated 
specimens. <A typical set of readings 


is for soil 1, original, sewage-irrigated 
and water-irrigated at the end of 1s 
days, when the water had risen 92.9, 
82.9, and 93.1 cm., respectively, while 
for soil 3 the readings were 70.1, 53.8, 
and 65.8 em., respectively. 

It was thought that the chloride con- 
tent of the soil might affect speed of 
rise. It will be remembered that at 
the end of the study period the aver- 
age chloride contents of the sewage- 
irrigated and tap-water-irrigated soils 
were 137 p.p.m. and &5 p.p.m., respee- 
tively. Accordingly, pairs of tubes of 
soil 2, which is clay loam, and soil 4, 
which is sandy loam, were prepared. 
One pair received no addition of ehlo- 
ride; the other pair had 800 p.p.m. of 
chloride as sodium chloride added. 
They were then placed in the beakers 
as already described. The results are 
striking. In soil 2, with sodium chlo- 
ride added, the water had risen 21.6 
em. in 4 days, whereas without the 
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addition the rise had been 39.4 em. 
The corresponding values for soil 4 
were 26.7 em. and 54.7 em. This, of 
course, iS an exaggerated test as, ex- 
cept for the top 3 in., the chloride con- 
tent of the soils did not reach S800 
p.p.m. It appears, however, that chlo- 
ride aceumulations will delay the rise 
of water in soils. 


Pore Space 


Pore space influences the fertility of 
the soil. It facilitates passage of air 
and moisture and root penetration and 
is associated with proper crumb struc- 
ture. 

The technique of determination of 
pore space depends upon the fact that 
neither benzol nor carbon tetrachlo- 
ride wet the soil to which either may 
be added. Hence the voids in a soil 
sample can be determined by meas- 
urement of the amount of either liquid 
required to fill the voids. A 100-ml. 


1400 


TABLE VI.—Pore Space in Soils 


Pore Space 


Sewage- Water- 


Origin: 
riginaal Irrigated Irrigate: 


38.4 37.2 
37.6 37.4 
40.1 39.4 
40.5 39.4 
29.8 29.4 
39.9 40.2 


eraduate was filled with an air-dried 
sample that would pass a No. 40 sieve 
and benzol or carbon tetrachloride was 
added until the liquid stood above the 
soil surface. The graduate was gently 
tapped during the filling. The over- 
lving liquid was measured and_ sub- 
tracted from the total volume added. 
Krom this amount the pore space, as 
a percentage of the volume of the soil 
sample, was computed (Table VI). 

In general, the pore space of a soil 
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FIGURE 5.—Soluble chlorides in soil No. 5. 
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FIGURE 6.—Soluble chlorides in soil No. 6. 


depends upon whether it is loose or 
perhaps temporarily compacted, on the 
size of the soil particles, and to what 
extent they are joined into crumbs. 
The true pore space of a soil can only 
be determined on a soil when it is in 
its original position. It should be pos- 
sible, however, to compare the irri- 
vated soils to determine differences 
which may have been eaused by sew- 
age. From Table VI it appears that 
irrigation with sewage was beneficial 
as compared with irrigation with tap 
water, although the differences are not 
great. Soil 6, which shows a smaller 
pore space for sewage irrigation, dif- 
fers from the other soils in having a 
large number of small particles of cal- 
cium carbonate; unless the number of 
these particles in the two samples is 
the same, comparison is difficult. 


Crumb Structure 


The crumb structure of the soil is that 
peculiar arrangement of soil particles 


which holds them together as aggre- 


vates. The individual soil particles 
are held in groups, slightly apart but 
cohering by the binding of soil colloids 
or organic matter. There are two types 
of soil crumbs—false crumbs, which 
fall apart in contact with water, and 
true crumbs, which are not affeeted by 
water. 

Lack of true crumb structure re- 
sults in a sealing of the earth surface 
by small particles following a rain or 
irrigation, whereas a good proportion 
of true crumbs allows continued en- 
trance of moisture and air. 

The method used for determining 
crumb structure was as follows (1): 

1. A sample of air-dried soil, 2 to 
4 2, was placed on a weighed No. 60 
sieve 3 in. in diameter. The soil sample 
weight is a. 

The sieve is immersed with the soil 
in water, raising, lowering, and shak- 
ing until no more soil particles leave 
the sieve. Sieve and soil are dried and 
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weighed. 
is b. 

2. The soil is transferred to a 300- 
ml. beaker and three 20-ml. portions 
of 5 to 6 per cent hydrogen peroxide 
are added, warmed slightly, if neces- 
sary, to promote action. This is al- 
lowed to stand overnight. When all 
the organie matter is destroyed, as 
shown by no further formation of bub- 
bles or color change, about 150 ml. of 
0.1 N sodium hydroxide are added and 
the sample is rapidly stirred. The 
sample is then poured back into the re- 
weighed sieve, and is washed gently 
with distilled water to remove reagents 
and disintegrated material. There- 
after the sample is dried and weighed. 
This weight is c. 

3. Weight a is the total amount of 
soil; b is the weight of the true crumbs 
plus such adventitious material as 
small stones and large sand particles; 
c is the weight of these adventitious 
particles. The true erumbs in per 


The weight of the dry soil 


cent of the dry soil will be 2 = © yx 100. 
a 


Table VIT gives the averaged results 
of two sets of tests of five different 
soil types. It will be noted that sew- 
age-irrigated soils 1, 2, and 3 have a 
ereater percentage of true crumbs than 
their water-irrigated counterparts. 
Soils 4 and 6 differ from the other 
three having both a higher 
sand and a higher ealeium carbonate 
eontent. Sand decreases the crumb- 
forming power of a soil. Caleium ecar- 


soils in 


TABLE VII.—Crumb Structure of Sewage- 
Irrigated and Water-Irrigated Soils 


True Crumb Content (%) 


Water- 
Irrigated 


Sewage- 
Irrigated 


9.35 
12.66 
14.65 

10.40 
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bonate soils, it is generally accepted, 
have a better structure than others, 
but this is only true if the calcium ear- 
bonate is fully disintegrated, which is 
not the case in soil 6. 

Judging by the tests, it appears that 
irrigation with sewage is beneficial to 
the crumb structure of silty or loamy 
soils, as compared with irrigation with 
water. It will be noted that there is 
some correlation between effect upon 
pore space and crumb structure, since 
the silty loams were also affected more 
favorably as to pore space by sewage 
irrigation. 


Total Organic Matter 


There is as yet no precise and ven- 
erally aeeepted method for the de- 
termination of soil organic material or 
humus. Partly this is due to the fact 
that the decomposition of organic ma- 
terial from the original to the ‘‘hu- 
mus’’ state is slow and the result of a 
number of agencies, bacterial and 
chemical. 

Preparation of a sample for humus 
determination was done in the follow- 
ing manner. The soil to be sampled 
was crushed to destroy clods and rocks, 
and leaves and large particles in the 
original state were removed. The sam- 
ple was then passed through a No. 40 
sieve and quartered. The portion from 
which the sample was to be taken was 
then again cleaned of all apparently 
undecomposed material and the re- 
quired air-dried sample then 
weighed. If humus is defined as de- 
matter, including organic 
matter in the process of decomposi- 
tion but which has lost its original 
structure, Table VIII shows the hu- 
mus content at the time the test was 
made. 

Table VIII gives the results of hu- 
mus determinations. It will be noted 
that sewage irrigation resulted in 
creater amounts of humus in the soil 
than when water was used. This ap- 
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TABLE VIII.—-Total Organic Matter 


Total Organic Matter (°%) 


After 
Sewage 
| Irrigation 


| After 
Water 
Irrigation 

7.30 

6.62 

9.24 

4.90 

031 

6.41 


7.72 
7.54 
9.88 
5.83 
0.23 
6.93 


pears to be contradicted, however, by 
the fact that original soil 1, which is 
soil 2 that had been irrigated for vears, 
shows less humus than the latter. The 
only explanation is chance in sampling 
or an analytical error. 

The inerease of humus showed by 
the water-irrigated soils can be ex- 
plained by the fact that the soils, be- 
fore they were placed in the pots, 
were not as carefully cleaned of obvi- 
ous organic matter as were the tested 
samples. Therefore, the humus in the 
water-irrigated samples is that which 
developed during the study. The sig- 
nificant point is that sewage irrigation 
resulted in a greater accumulation of 
humus, except in the very sandy soil. 


Field Capacity 


Field capacity is defined by Robin- 
son (2) as ‘‘the amount of water held 
in the soil after excess gravitational 
water has drained away and the rate 
of downward movement has materially 
decreased.”’ 

To make the test, pint ice cream ear- 
tons were used. In the bottoms, %-in. 
holes were punched; filter paper was 
fitted over the bottom. The carton was 
then weighed. Air-dried sieved soil 
was then placed in the carton, which 
was gently tapped during the filling 
process. The weight of the dry soil 
was then obtained. Water was slowly 
added until the first drops escaped at 
the bottom. <A top was placed on the 
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carton, which was then placed on a 
layer of damp soil. After three days 
each carton was weighed and the 
amount of water held was determined 
(Table IX). 

The results are not consistent. Three 
of the sewage-irrigated soils show an 
increase of field capacity when com- 
pared with the water-irrigated soils. 
Irrigation, in general, except for soil 
6, the sandy loam, caused a slight re 
duction. 


Chemical Constituents 


The determinations of phosphorus, 
manganese, iron, and titanium in the 
original soils were all made by one 
analyst, but determinations of the irri- 
gated soils were made by another. Re- 
sults obtained are shown in Table X. 

The phosphorus content of the sew- 
age varied from 4 p.p.m. to as high as 
9 p.p.m., whereas the tap water con- 
tained none. When this is considered, 
the phosphorus results may appear in- 
consistent, since some of the water- 
irrigated soils showed increases and 
calculations of some of the sewage- 
irrigated soils showed greater increases 
than could be expected. This may be 
explained by Piper’s (1) statement 
(p. 138); ‘‘Phosphorie acid .. . is 
readily extracted by hydrochlorie acid, 
and it is generally supposed that the 
bulk, if not all, of the soil phosphorus 
is extracted.’’ Therefore, the increases 
in phosphorus shown in Table X may 
be due to inereases in extractability. 


TABLE IX.-- Water in Soils after 3 Days 


| Water Content (%) 


Water- 
Irrigated 


Sewage- 


Original Irrigated 


15.5 
47.2 
62.0 
43.2 
22.7 
41.3 


(Humus) in the Soils 
7 
> 
2 5.64 | 
4 | 4.14 
5 0.40 he 
6 | 3.56 
4 
| | 
| 446 45.9 
3 | 584 58.6 
403 | 394 
5 220 | 20.3 
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There is also a general tendency for 
increased phosphorus in the sewage- 
irrigated soils over those irrigated with 
water. It can be coneluded that phos- 
phorus is not lost by irrigation. This 
is indicated by the fact that of soils 
1 and 2, the former, which had been 
lone irrigated with sewage, had more 
phosphorus than soil 2. 

The amount of manganese present in 
a soil is largely influenced by the 
amount of water present and the ae- 
tivity of soil organisms dependent upon 
humus and soil aeration. This ac- 
tivity may increase the solubility of 
manganese and encourage leaching. 
This would account for the reduction 
of manganese shown in the sewage- 
irrigated soils and the greater amounts 
retained in those which were water- 
irrigated. 

The same tendency can be noted 
with iron, as with manganese, although 
it is not so pronounced. The changes 
in condition of iron (that is, soluble 
and insoluble) with leaching, are the 
eauses of ‘‘hardpan’’ of clay soils. 
Such layers were found in both pots of 
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The increases of titanium content in 
soils 1, 2, and 3 are probably due to 
the solvent action of the water or sew- 
age, rather than to any titanium in the 
sewage, as the increases, with one ex- 
ception, are approximately or exactly 
the same for each of the soils. Soils 
4, 5, and 6 lost titanium. This may be 
due to their sand content, especially 
since soil 5, which is almost all sand, 
had the greatest loss. 

Available boron is considered im- 
portant as a soil constituent. Lack of 
time prevented boron determinations 
for more than four of the irrigated 
soils and on any of the original soils. 

As Table X indicates, sewage irriga- 
tion resulted in a greater boron con- 
tent than water irrigation, except for 
soil 3, where the difference was only 
0.1 p.p.m. It is of interest that soil 1, 
which had long been irrigated, showed 
an increase over soil 2, which is the 
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same soil without sewage irrigation. 
It appears that irrigation with sewage 
will increase the boron content of a 
soil. 


Exchangeable Cations 


It is commonly accepted that a high 
base (cation) status is a desirable soil 
characteristic. Such soils, particularly 
if caleium is abundant, have a better 
crumb structure and permit better eir- 
culation of both air and moisture; the 
bad effects of tight clay structure are 
reduced. Apparently there is also less 
leaching and loss of humus. It is im- 
portant, therefore, to note the effect 
of sewage irrigation on the caleium ear- 
bonate content of soils. Table XT 
shows the cations in the soils, expressed 
as milligram equivalents. 

In relation to the exchange of ¢a- 
tions in the samples, certain statements 
by Kelly (3) are of interest. On p. 
56, Gedroiz is quoted: ‘‘ Dilution sub- 
stantially decreases the power of mono- 
valent cations to replace exchangeable 
Cat’... . Replacing effect of Na ions, 
as a constituent of irrigation water, 
will fall off as the concentration of the 


TABLE XI.-—Cations in Soils 


Cations (mg. equiv.) 


Soil! 


| Total 
| 36.14 
30.93 
34.88 


0.18 
0.29 
0.03 


0.14 
0.07 
0.03 


| 37.49 
| 32.19 
| 33.84 


0.20 


50.26 
| 0.02 

| 

| 


53.51 


0.06 54.79 


21.20 | 
22.50 | 
| 22.12 | 


0.25 
0.02 
0.02 


| 23.85 
| 25.85 
25.48 


' Sewage irrigation denoted by a, tap-water 
irrigation by b; unlettered designates original 
soil. 
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solution decreases. . . . Very little Na* 
will be taken up by the soil through 
exchange for Ca**. On the other hand 

. a very dilute solution of Ca** will 
effectively replace Na*.’’ 

It will be noted in Table XI that 
the sodium content of the soils, whether 
irrigated with water or sewage, was re- 
duced. ‘This reduction, aceording to 
Gedroiz as previously quoted, ean be 
ascribed, at least in part, to replace- 
ment of the sodium by calcium. The 
calcium loss by irrigation, more with 
sewage, in three of the four soils, can 
be explained by the action of soil bae- 
teria in makine the ealeium soluble 
and its leaching out. 

With regard to magnesium, Gedroiz 
and Hissink (3) point out that al- 
though a high percentage of the total 
calcium of soils is replaceable, this is 
not true of either magnesium or po- 
tassium. This is borne out by the fact 
that the magnesium is inereased by 
irrigation, with no important difference 
between sewage or water. Potassium 
also increased with irrigation, with 
some slightly greater accumulations in 
three of the soils that 
irrigated. 


were sewace- 


Discussion 


The value of the study here de- 
seribed would have been inereased if 
more time had been available for it. 
A longer period for application of sew- 
age to the soils might have eliminated 
some of the inconsisteneies and brought 
more conelusive results. The small dif- 
ferences developed lead to the conelu- 
sion that when sewage is applied to 
soil, and drainage is adequate, the ef- 
fects will be neither highly beneficial 
nor injurious. 

There is evidence that denitrifica- 
tion occurs and the proportion lost is 
less with the water-irrigated samples. 
This can be ascribed to less bacterial 
activity in those soils. Soil 1, which 
had been irrigated for 10 years, lost 


: 
j 
ae 

| Ca | Mg Na | hk 
1 | 33.25 | 2.97 | 0.44 
la 26.45 | 2.40 | 1.79 ee 
Ib | 30.72 | 2.51 1.62 

| | 

| 3440 | 2.63 0.32 

2a | 24.76 5.98 1.43 
2b | 26.55 | 5.92 | | 134 
| 46.39 | 3.37 
| 48.07 | 3.74 
3b 3.73 
4 1.97 
4a 1.73 

4b 1.69 
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less nitrogen than the other sewage- 
irrigated soils, but it would be unsafe 
to generalize from this one sample. 

Chlorides tend to accumulate in sew- 
age-irrigated soils and this tendency 
irrigation is continued 
The chlorides leached out readily and 
under the usual natural conditions 
chlorides should present no difficulty. 

Sewave irrigation tended to reduce 
water-retaining power as compared 
with the original soils and water-irri 
Sewage-irrigated soils, in 
however, retained moisture 
more tenaciously at the end of the 29- 
day period of the test. This is an ad- 
vantage as far as crop growth is con- 
cerned, 


increases as 


vated soils. 


all cases, 


The test for the water-raising power 
indicates the speed of 
Sewage irrigation con- 
siste ntly reduces the speed of rise both 
as compared to the original soils and 
to the water-irrigated soils. It 
established that an inerease in chloride 
content lowers the speed of rise. 

All but one of the soils showed an 
increase of with sewage 
irrigation as compared with water ir- 
rigation, although the difference was 
slight. This soil characteristic is also 
related to erumb strueture and sew- 
ave irrigation was found to be bene- 
ficial to a notable extent in three of 
tested. The other two 
soils showed slightly unfavorable re- 
sults as to erumb structure. One of 


soils really 


water rise. 


was 


pore space 


the five soils 


these also indicated a decrease of pore 


space. 


With one exception the soils showed 
an increase in organie matter in the 
sewage-irrigated over the water-irri- 
vated and also of the water-irrigated 
over the original These deter- 
minations were complicated by the 
humidification of ‘‘not-yet humidified 
materials originally in the soils. The 
differences are not large. The excep- 
tion is the highly sandy soil. 

Irrigation with sewage showed no 
consistent effect upon the field capacity 


soils. 
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In four of the six soils field 
capacity was reduced, while in two 
soils it was inereased. 

Phosphorus inereased slightly in the 
sewage-irrigated over the water-irri- 
vated The soil lone irrigated 
with sewage also showed a small in- 
crease over the similar soil not so irri- 
vated. 


sewage 


of soils. 


soils. 


Manganese showed a loss by 
irrigation as compared with 
original soils, but practically no differ- 
ence as compared with water irriga- 
tion. Tron and titanium showed in- 
consistent results. Boron, in tests of 
sewage- and water-irrigated samples of 
four soils, showed more in the sewage- 
irrigated soils, with one exception. 

In the soils studied, base exchange 
apparently operated to reduce sodium 
ions in them. There was not, however. 
an increase in calcium ions but some 
decrease, which ean be aseribed to bac 
terial or chemical action making the 
calcium soluble. In all but one soil 
the loss was greater in the sewage- 
irrigated soils. Magnesium in general 
showed no change, whereas potassium 
increased, particularly in the sewage- 
irrigated soils. 


Conclusions 


The relatively small changes in the 
soils studied indicate that sewage irri- 
vation is neither especially beneficial 
nor injurious to soils. A few tenden- 
cies ean be noted that deserve mention. 

Sewage irrigation encourages ac- 
cumulation of chlorides. These reduce 
Leaching of 
the chlorides was readily accomplished 
and there should be no injurious ae- 


speed of rise of water. 


cumulations of chlorides with normal 
operation of irrigation. 

A slight 
(humus) 


increase of organic matter 
“an be expected. 

Pore space is inereased by sewage 
irrigation; crumb structure also shows 
some improvement. 

Sewage-irrigated accumulate 
slightly more phosphorus than water- 


soils 


; 
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irrigated soils. Boron also will be con- 
tributed to soils by sewage. 
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DISTRIBUTION OF EXPENDITURES FOR NEW 
SEWAGE WORKS IN 1952 


Of the $500,000,000 total spent on 
new sewage works construction during 
1952, $455,000,000 was spent by public 
and $45,000,000 by private utilities. 
These figures represent estimates by 
the Water and Sewerage Industry and 
Utilities Division, Business and De- 
fense Services Administration, U. S. 
Department of Commerce, reported in 
a recent Business Service Bulletin (No. 
5D). 

Of the total, 48.1 per cent repre- 
sented material, with more than 30 per 
cent of this material cost being ex- 
pended on piping materials. Labor 
costs represented 30.2 per cent of the 
total expenditures, with overhead, 
profit, and equipment charges taking 


another 19.5 per cent. Supplies and 
small tools took the remaining 2.2 per 
cent. 

Treatment plant construction ac- 
counted for $75,000,000 of the expendi- 
ture. Of the remaining $425,000,000, 
about 10 per cent was also in treatment 
plant costs not possible of separation, 
the remainder including interceptors. 
pumping facilities, outfall lines, ete. 
Major items of cost distribution are 
given in Table T. 


Copies of the complete report are 
available from the U. S. Department 
of Commerce, Washington 25, D. C., or 
from any of the Department’s field 
offices. 


TABLE I.—Expenditure per $1,000,000 for Construction of New Sewage 


Works during 1952 ! 


Item 


Treatment Plant 


Labor 
Overhead, profit, equip. 
Supplies and small tools 
Materials 
Metal products 
Machinery and equip. 
Stone, clay, glass prod. 
Lumber products 
All other 


Total 


Expenditures ($1,000) 
Collection and Other Total 
305.3 
198.5 
24.9 
471.3 


301.5 
194.6 

22.5 
481.4 


' Condensed from Business Service Bulletin No. 55, U. 8. Dept. of Commerce (Aug., 1954). 
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EFFICIENT UTILIZATION OF DIGESTER CAPACITY * 


By Puinipe 


Efficient utilization of sewage sludge 
digestion capacity is a subject difficult 
to discuss because there is no general 
acceptance of the ultimate possible 
and there is no general ae- 
ceptance of the unit of measure that 
should be for establishing the 
maximum loading. Both the ultimate 
loading and units used for measuring 
the loading have become of greater im- 
portance as new digestion processes 
have been developed which allow for 
higher loading and which make use of 
the full digester capacity. 

At most plants there has been, over 
the years, a continuous inerease in the 
sewage volume and an even greater in- 
erease in the quantity of suspended 
solids, thus accounting for a significant 
increase in sludge production. The fre- 
quent addition of digestion capacity at 
existing plants is the direct result of 
this constantly increasing quantity of 
raw sludge. In many cases, however, 
efficient utilization of existing diges- 
tion capacity may provide the neces- 
sary additional capacity and eliminate 
the need for an expensive construction 
program. 

Because of the complete lack of any 
accepted measure of loading, it is dif- 
ficult to establish the validity of the 
need for expanded facilities by mak- 
ing comparisons with digester load- 
ings at other plants and with loadings 
obtained as a result of the development 
of accelerated digestion methods. For 
example, the units cubic feet per capita. 
displacement in days, pounds of vola- 
tile solids per cubic foot per day, 

“Presented at 27th Annual Conference, 
Central States Sewage and Industrial Wastes 
Assn.; Richmond, Ind.; June 24-26, 1954. 
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pounds of total solids per cubie foot 
per day, pounds of volatile solids per 
cubie foot per month, and pounds of 
total solids per cubic foot per month 
were used to express digester loadings 
in papers presented by three speakers 
at the Federation’s 1953 meeting in 
Miami. The results reported in these 
papers cannot be compared without 
first translating to a common unit. 

Acceptance of a uniform measure 
of loading would obviously be of bene- 
fit to all and the unit ‘‘pounds of 
volatile solids per eubie foot per day”’ 
appears to be the most logieal. The 
material undergoing digestion is the 
volatile fraction of the sludge, so it 
is the only fraetion that is appreciably 
affecting the loading. The eubie foot 
unit appears to be already accepted 
and the time unit of one day is prefera- 
ble to one month because the data are 
usually collected on a daily basis, there 
is no uncertainty as to its length (as 
there is with the month), and the daily 
loading rate is a single fractional part 
of 1 lb. that is easily remembered. 

In addition to the loading unit of 
pounds of volatile solids per cubie foot 
per day, the displacement period in 
days can be used to advantage because 
it indicates the concentration of the 
‘aw sludge when it is used in econjune- 
tion with loading rates. 

For those who wish to use it, the 
volume unit of cubic feet per capita 
can be obtained directly from the 
pounds-per-cubic-foot-per-day loading 
unit on the basis of the equivalent per 
capita solids load, the percentage of 
volatile solids in the raw sludge, and 
plant removal. Because of the uncer- 
tainty of the equivalent contributing 
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population, the volume unit of cubic 
feet per capita is not desirable for re- 
porting research studies and is not a 
reliable measure of loading for oper- 
ating plants. 

Most digesters in operation today 
were built on the basis of capacity per 
capita with variations in the required 
capacity depending partly on the type 
of sewage treatment and partly on the 
locally aecepted capacity requirements. 
With the issuance of the ‘‘Ten-State’’ 
standards (1) there was, for the first 
time, an attempt to standardize the 
required per capita digestion capacity 
but, even more important, there was 
recognition of the importance of con- 
sidering the volume and character of 
the sludge, and the recognition that 
the per capita design data should only 
be used where information on raw 
sludge was not available. It is im- 
portant, therefore, that accurate in- 
formation on sludge volume and char- 
acter be obtained at those plants where 
operating problems are being encount- 
ered and expansion of the digestion 
facilities is being considered. 

It has been shown (2) by pilot- 
plant studies carried out at the Towa 
City sewage treatment plant that di- 
gestion can be successfully carried out 
at a loading which for the 10-month 
period of operation averaged 0.277 Ib. 
volatile solids per cu. ft. per day (0.46 
lb. total solids per cu. ft. per day) and 
for one month averaged 0.345 lb. per 
eu. ft. per day (0.59 lb. total solids per 
cu. ft. per day). The commonly used 
capacity figure of 3.0 eu. ft. per capita, 
assuming a per capita solids contribu- 
tion of 0.17 lb. per day, 85 per cent 
removal in the treatment plant, and 75 
per cent volatile content, is equivalent 
to a loading of 0.036 Ib. per ecu. ft. 
per day. Thus it can be seen that the 
10-month average loading rate of the 
pilot-plant studies was almost eight 
times the loading rate for a 3-eu. ft. 
per capita capacity design. 

The digestion proeess emploved to 
secure successful operation at these 
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loading rates consists of a biological 
digestion unit with continuous recir- 
culation of digester gas through cen- 
trally located gas diffusers, which re- 
sults in complete gasification of the 
sludge by circulation of the entire con- 
tents, thus bringing the seed sludge, 
the raw sludge, and the gas into inti- 
mate contact while maintaining a uni- 
form constant temperature in the 
entire contents of the unit. If super- 
natant separation, sludge concentra- 
tion, and sludge storage are necessary 
before final disposal, a mechanical 
phase of liquid separation is required. 
This phase can be carried on most 
economically in simple holding tanks, 
or even in lagoons if properly eon- 
structed. Regardless of how it is car- 
ried on, it is clearly a mechanical 
separation phase, not biological, and 
so is carried on as a separate and 
second step in the process of disposal 
of sludge. 

The operation of the biological phase 
with the gas recirculation can be com- 
pared to the activated sludge process. 
The diffusion of gas bubbles near the 
bottom of the tank results in a uni- 
form lift of the contents over the area 
of active diffusion and causes a gentle 
roll of the entire tank contents, with 
upflow at the tank center and down- 
flow at the periphery. As with the 
activated sludge process, gas, raw 
sludge, and seed sludge are intimately 
mixed for maximum biological activity 
and the gas provides a most economical 
means of slowly rolling the entire tank 
contents. 

Model studies have shown that with 
the center gas diffusion a true roll de- 
velops. Therefore, the bottom veloci- 
ties are substantially the same as the 
top velocities, and that on a vertical 
line through the tank, midway between 
the center and periphery, velocities 
decrease from a maximum just below 
the surface to a stagnation point at 
half the depth and then gradually in- 
crease, but in the opposite direction, 
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to a maximum just off the floor of the 
tank. 

These bottom velocities are impor- 
tant in helping maintain full tank ea- 
pacity. Sand and other inert ma- 
terials, which materially reduce the ef- 
fective size of most digesters after a 
few years of service, appear to be ear- 
ried by the bottom velocities to the 
center of the tank, where they are 
dropped just under the rising column 
of gas. If the sludge withdrawal pipe 
is located at this point, the sand and 
inert materials are withdrawn as fast 
as they are deposited and thus the full 
tank volume remains effective. 

The roll of the tank contents also 
carries floating solids down into the 
digesting liquor and the problem of 
scum formation appears to be likewise 
eliminated. 

The operating results of the 1,130- 
val. pilot-plant unit for the 10-month 
period November 12, 1952, to August 
30, 1953, are summarized in Table I. 


Additional details regarding this study 


have been previously published (2), 
but the summary data are indicative 
of the loadings which can be obtained 
under continuing operating conditions. 
To provide an adequate factor of 
safety, it is recommended that until 


further field data are obtained, full- 


TABLE I.—-Pilot-Plant Operation; Average 
Results November 12, 1952, to 
August 31, 1953 


Raw sludge: 
Total solids (%) 
Volatile solids (%) 
pH 
Loading: 
Total solids (Ib./cu. ft./day) 
Vol. solids (Ib./cu. ft./day) 
Displacement (days) 
Gas production: 
Cu. ft./day 
Cu. ft./Ib. vol. sol. 
Operating conditions: 
Digester temp. (°C.) 
pH 
Volatile acids (p.p.m.) 
Gas recire. (c.f.m. free gas) 
Digested sludge: 
Tota), solids (%) 
Volatile solids_(%) 
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scale installations be designed for 0.2 
lb. of volatile solids per cu. ft. per day. 
Higher loadings may be utilized at 
existing plants on the basis of the op- 
portunity for developing an objective 
loading rate by preliminary operation 
in one tank. 

Confirmation of the pilot-plant work 
has been carried on in full-seale units 
at Columbus, Ohio (3), and at Erie, 
’a., and other units are to be started 
in the near future. 

The results of the pilot-plant work 
and the confirming full-scale installa- 
tions have demonstrated that there are 
potentially real savings which can be 
made wherever present digestion facili- 
ties are inadequate and expansion is 
contemplated. From the standpoint 
of the superintendent and the designer, 
this is most interesting. To those work- 
ing in the laboratory, however, some 
of the laboratory studies are even more 
interesting. The results of laboratory 
studies on the effect of the rate of gas 
recireulation and the effect of continu- 
ous gas recirculation were presented 
in an earlier publication (2) and it 
was shown that digestion could be ear- 
ried on at high loadings with continu- 
vas recirculation and that there 
appeared to be a direct relationship 
between the quantity of gas recircu- 
lated and the time required for stabi- 
lization of the digestion process at the 
higher loadings. 

Another series of laboratory studies 
was undertaken to obtain information 
on the actual rate of digestion as in- 
dictated by gas production rates in 
relation to the food material added. 
From observation of ¢onventional di- 
gestion units, it was known that the 
rate of gas production increased im- 
mediately following sludge addition, 
but quantitative data were not avail- 
able. Furthermore, there has always 
been the possibility that the rate of 
vas production is temporarily increased 
partly as a result of the turbulence in- 
duced by pumping the raw sludge into 
the tank. 

This study 


was undertaken to ob- 
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tain quantitative information and to 
provide information needed for closer 
control of the digestion process. As in 
the earlier laboratory studies, the di- 
vesters were 8-l. bottles in a 35° C. 
incubator. Each bottle was equipped 
with a bottom outlet for withdrawing 
sludge and top openings for adding 
sludge, for gas take-off, and with a 
connection to a porous diffuser for 
recirculating gas immediately after 
each feeding. For each run and 
several hours before the start of the 
run, each bottle digester was filled 
with digesting sludge from the pilot 
plant, and at least one feeding of raw 
sludge from the Iowa City sludge sam- 
pling line. Gas production rates were 
measured by recording the velocity of 
movement of a bubble of mercury in a 
horizontal calibrated glass tube con- 
nected to the gas take-off line. Dur- 
ine a run, the rate of gas production 
measured at frequent intervals 
and additional sludge or other food 
was added as required. 

A synthetic sludge which was com- 
pletely uniform and readily available 
as a food supply was used for some 
of the runs. It consisted of a 10-g. 
mixture of bacto beef, bacto peptone, 
and bacto dextrose (3 parts, 5 parts, 
and 5 parts by weight, respectively) 
diluted in water to a volume of 300 
ml., and is referred to herein as B.P.D. 
The quantity of B.P.D. used is re- 
corded in terms of grams of the beef- 
peptone-dextrose mixture without the 
water. 

Figure 1 shows the results of a typi- 
cal series of three digesters operating 
in parallel. Eighteen hours before the 
start of this run the three bottle 
digesters each received 6,750 ml. of 
digesting sludge from the pilot plant 
and one feeding of 375 ml. of raw 
sludge (12.9 g@. volatile solids). At 


Was 


zero time, all three digesters again re- 
ceived 375 ml. of raw sludge (22.3 g. 


total solids, 16.3 g. volatile solids). 
Gas production rates were recorded at 
frequent intervals. In each case there 
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was a continuous increase in the pro- 
duction rate for about 5 hr. and then 
a sharp reduction in rate, which con- 
tinued until additional food was sup- 
plied at 12 hr. The time and quantity 
of food additions are indicated on the 
figures. The raw sludge added to di- 
gester C at 12 hr. and 25 hr. was the 
same material and the same quantity 
as that added at zero time. 

The resulting curves for digesters 
A and B indicate that the first feeding 
of synthetic sludge was completely di- 
gested in about 13 hr. The fact that 
the gas production rate at the end of 
this 13-hr. period was reduced to the 
level which would have existed if no 
additional food had been added is the 
indication that the synthetie sludge 
was completely digested and the fact 
that the gas resulting from the 10-g. 
feed is almost exactly twice that re- 
sulting from a 5-g. feed provides 
further indication. The gas produc- 
tion from the second synthetic feed at 
about 25 hr. confirmed the results of 
the first feed. 

At 55 hr. the gas production had 
about leveled off in digesters A and B, 
indicating that digestion of the raw 
sludge added at zero time was sub- 
stantially complete and although gas 
production rates for this series were 
not recorded after 55 hr., other data 
have been collected which indicate gas 
production practically stops after three 
days. 

If the gas production rate is a re- 
liable measure of rate of digestion, 
these studies indicate that, for pri- 
mary sludge, digestion periods of as 
short as three days are possible and 
probable. In order to provide a fac- 
tor of safety for full-seale installa- 
tions, six to ten days would be re- 
quired. The pilot-plant work has con- 
firmed this allowable loading. 

Digester C was operated in parallel 
with A and B, except that it continued 
to receive 375 ml. of raw sludge each 
feed. This is equivalent to 0.272 lb. 
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volatile solids per cu. ft. per day. The 
resulting gas production curve is char- 
acteristic of that of a normally oper- 
ating digester with raw sludge being 
pumped twice a day. 

Another series of studies was under- 
taken to determine the relationship of 
the volatile acid concentration and the 
gas production rate in a normally 
operating digester. The results of this 
study are shown in Figure 2. For this 
run, the bottle digester was filled with 
pilot-plant sludge 18 hr. preceding the 
start of the run and received one feed- 
ing of raw sludge at that time. Then 
at zero time, 375 ml. of raw sludge was 
added (20.8 g. volatile solids) and at 
12.25 hr. 12 g. of synthetic sludge was 
added. Gas production rates and 
volatile acid concentration determina- 
tions were made throughout the period 
of the run. It is apparent from this 
study that the volatile acid concentra- 
tion does follow gas production with 
no lag, another indication that the di- 
gestion phenomenon proceeds at a 


rapid rate, with the maximum rate of 
volatile acid conversion and gas pro- 
duction following the time of feeding 
by only 3 to 5 hr. 


Conclusions 


1. The various units of measure used 
in reporting digester loadings are dis- 
cussed and the unit ‘‘pounds of vola- 
tile solids per cubic foot per day’’ was 
recommended as the unit which most 
nearly measures the true load to the 
digester. Digestion period, in days, 
is recommended as a secondary unit of 
measure to indicate the concentration 
of the sludge added. 

2. If digesters are operated in ac- 
cordance with the accelerated digestion 
method, daily loadings of 0.2 lb. vola- 
tile solids per cu. ft. are feasible and 
even higher loadings may be utilized 
at multiple-tank installations as a re- 
sult of operating experience in one 
tank. 

3. Laboratory studies presented in- 
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dicate that the maximum rate of con- 
version of organic material to gas takes 
place only 3 to 5 hr. after feeding and 
that the digestion of raw sludge in this 
series of studies was substantially com- 
pleted in 55 hr. Theoretical digestion 
periods of less than three days should 
be possible and the proposed loadings, 
which result in a detention period of 
seven to ten days, provide an adequate 
safety factor over the theoretical mini- 
mum for raw sludge. 

4. Under normal operation, there is 
a close relationship between gas pro- 
duction rates and volatile acid concen- 
tration; thus pointing out the value of 
the volatile acid determination in the 
control of the sludge digestion process. 
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PROGRESS REPORT ON RAPID B.0O.D. DETERMINATION 


The prospect of a short B.O.D. test 
is more encouraging now than ever be- 
fore, as a result of studies being carried 
on at the University of Florida by 
E. R. Hendrickson and George Morgan. 
The study is sponsored by the National 
Institutes of Health, USPHS. 

Using a suspension of bacteria from 
a pure culture, the B.O.D. ean be ealeu- 
lated from the rate of oxygen utiliza- 
tion per unit time. Massive doses of a 
single species of a constant age are 
used to obtain a constant activity, as 
well as a controllable number of organ- 
isms, the latter being determined by 
the turbidimetric method. 

The main effort of the project has 
been directed toward elimination of as 
many variables as possible, hence the 


use of a pure culture in place of acti- 
vated sludge. The three main divisions 
of the project are: 


1. Determination of the bacterium 
best suited for the test and study of 
the effect of varying the number of 
organisms. 

2. Investigation of the oxygen utili- 
zation of the bacteria in different types 
of sewage, ineluding industrial waste 
as well as sewage from several towns 
in Florida. 

3. Study of the effect of temperature 
change, thereby determining the opti- 
mal temperature for the test. 

Indications are that the incubation 


period for the test can be reduced to 
one hour. 


; 
a4 
2 
3 
ga 
; 


SEWAGE TREATMENT IN CALIFORNIA STATE 
INSTITUTIONS * 


By Epwin R. STOWELL 


Senior Sanitary Engineer, Division of Architecture, State of California, Sacramento, Calif. 


The following discussion is on some 
of the unusual aspects of sewage from 
state institutions and other facilities 
of the State of California and how 
some of the sewage treatment prob- 
lems have been solved. Specifie prob- 
lems discussed include the treating of 
salt-water sewage, the use of hillside 
sprays for disposal of sewage effluent 
in recreational areas, relieving an over- 
loaded activated sludge plant by in- 
stalling facilities for leveling out the 
flow through the plant, emergency stor- 
age facilities at small pumping sta- 
tions, and use of ponds for the treat- 


ment and disposal of septie tank ef- 
fluent. 


Sewage Characteristics 


The different types of state services 
or activities requiring sewage facilities 
are quite varied and include men- 
tal hospitals, correctional institutions, 
state parks, state colleges, state fish 
hatcheries, Highway Patrol offices, 
border quarantine and inspection sta- 
tions, district fairs, forestry camps, 
and National Guard armories, and 
many other state activities. From this 
list it can be seen that the sewage 
facilities vary in size from that re- 
quired to serve a few persons to that 
required to serve one of the larger 
institutions having a population of 6,- 
000 or more persons and complete 
with all activities of a small com- 
munity ineluding laundry, food proce- 
essing, and some industrial wastes. 

*Presented at 26th Annual Convention, 


California Sewage and Industrial Wastes 
Assn.; Sacramento, Calif.; May 5-8, 1954. 


Obviously, the characteristics of sew- 
age from such a broad range of in- 
stallations will differ considerably. 

The volume of sewage from the state 
facilities is considerably different from 
the 80 to 100 g.p.ec.d. normally as- 
sociated with domestic sewage from a 
community. Over the 5-year period 
from 1949 to 1954, considerable data 
have been obtained relating to the vol- 
ume of sewage to expect from the vari- 
ous types of state installations. These 
data are used for designing new in- 
stallations where actual flow data are 
not available or cannot be made. Sew- 
age flow data for state institutions have 
been found, in general, to be approxi- 
mately as follows: 


Mental hospitals --125  g.p.e.d. 
Correctional institutions, men 

—175-250 g.p.e.d. 
Correctional institutions, boys 

—150 g.p.e.d. 
Correctional institutions, girls 

—150 g.p.e.d. 
Correctional institutions, women 

150-175 g.p.e.d. 


With such high average rates of flow, 
peak flows might be expected to be re- 
latively low. However, flow measure- 
ments show the peak flow rate to be 
about 244 to 3 times the average flow. 
Minimum sewage flow from institutions 
has been found to be about 30 per cent 
of the average flow. 

Campers at state parks where show- 
ers, laundry, and sanitary facilities are 
provided contribute about 40 g.p.c.d. 
Pienickers contribute about 10 gal. 
per person. . Flow from district fairs 
has been found to be about 6 to 7 gal. 
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per attending person. Although other 
flow data and methods of expanding 
average daily per capita flows into de- 
sign and peak flow rates have been ob- 
tained, discussion of these factors is 
beyond the scope of this paper. 

Sewage from the mental hospitals 
may contain a considerable amount of 
rags and clothing. The rags, particu- 
larly long strips from torn sheets or 
blankets, can be a terrible nuisance 
and a definite operating problem. Be- 
eause of the clothing in the hospital 
sewage, salvage screens are normally 
provided so that, where warranted, 
clothing can be salvaged for re-use. In 
this regard, in some instances auto- 
matic bar screens are not suitable for 
salvage purposes because the larger ma- 
terials, such as dresses, are torn. 

Silverware and other metal or hard 
materials are frequently found in men- 
tal hospital sewage. Some patients 
find it entertaining to sit at manholes 
and drop stones through the cover pull 
hole. It is interesting to note that this 
same behavior is exhibited by children 
at state parks, where gravel and twigs 
are dropped into the sewers in the 
same manner. 

The prisons likewise have a high 
proportion of rags, cloth articles, and 
metal articles. This is particularly no- 
ticeable when an inspection is ru- 
mored. Then the water closets in the 
cells become the most convenient means 
of disposing of any unauthorized items, 
such as extra towels, socks, or other 
materials. 

Because of the stones, silverware, 
and other hard objects in mental hos- 
pital and prison sewage, use of gravel 
traps is being considered to protect 
comminutors or other mechanical 
equipment at these treatment plants. 
The type of trap under consideration 
and included in one of the recent proj- 
ects consists of a small basin wherein 
the velocity or turbulence is sufficient 
to flush out organic matter, but in- 
sufficient to carry over silverware or 
stones. 
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Several papers could be written on 
further characteristics of state sewage, 
such as high laundry loads at mental 
hospitals due to the daily laundering 
of bedding and clothing from the so- 
ealled untidy patients; or seasonal 
variations in flow, such as at state 
parks and district fairs. 


Sewer Design 


Proper design of sewers is consid- 
ered very important. A full diseus- 
sion of this subject. however, also is 
beyond the scope of this paper. It 
should be noted, nevertheless, that the 
Siate Division of Architecture has pre- 
pared a Manual of Design covering 
what is considered good sewer design 
practice. Design features adopted in- 
elude the priming of pipe ends for hot- 
poured joints, the design for minimum 
flow conditions as well as at the design 
flow, the testing of sewers under a hy- 
drostatie head and setting of maximum 
allowable leakage rates, the design of 
manholes, the setting of and 
other pertinent features. 

The only feature discussed further 
at this point is the testing of sewers 
under a hydrostatic head. This re- 
quirement with a given maximum leak- 
age allowance has been the greatest 
single factor in improving the work- 
manship of sewer construction. The 
requirement in effect makes the con- 
tractor a partner in obtaining good 
watertight construction, rather than 
depending on rigid and continuous in- 
spection. 


wyes, 


Sewage Treatment 


Although, as pointed out, some char- 
acteristics of sewage from the various 
state facilities are considerably differ- 
ent from that of a normal community, 
fundamentally the sewage is domestic 
in character and the same general 
treatment processes as used on com- 
munity wastes are applicable. As an 
illustration, state facilities utilize 3 ac- 
tivated sludge plants, 3 standard-rate 
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filters, 16 high-rate filters, and 6 pri- 
mary treatment plants followed by 
ponds, sand disposal beds, hillside 
sprays, or other treatment or disposal. 
In state practice, as in normal practice, 
the type of treatment must be carefully 
selected to suit the given site condi- 
tions, the waste characteristics, and 
the operation to be provided. In gen- 
eral, it is the policy to provide a 
design giving the greatest over-all 
economy, consistent with adequate 
operational provisions and required 
functional characteristics. 

Contrary to the popular concep- 
tion that funds are unlimited on state 
projects, the funds for sewage and 
other projects are carefully budgeted 
and there is a considerable emphasis 
on economy. Nevertheless, despite 
economy being a large factor, state of- 
ficials have recognized the responsi- 
bility of providing adequate sewage 
treatment and disposal facilities where 
needed and in most areas the state is 
setting a good example in disposing of 
its sewage, 

In design of sewage facilities for the 
state, the designer is in the somewhat 
unusual position of also being asso- 
ciated with the operation of the com- 
pleted plant. That is, he is generally 
ealled upon to advise and recommend 
operating procedures and to trouble- 
shoot any problems which may arise. 
Operating diagrams are furnished for 
the treatment plants showing normal 
operation and the operation with each 
of the major units out of operation. 
This close association with the plant 
operation assists the designer in get- 
ting the operator’s viewpoint and helps 
eliminate undesirable features and add 
desirable features to future designs. 


Post-War Construction 


With the phenomenal increase in 
population of the state since World 
War II, there has been a similar in- 
crease in the need and requirements 
for state institutions and services. The 
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effect of this growth on the sewage 
treatment facilities of the state agen- 
cies is best illustrated by the follow- 
ing statistics. Of the 28 major or more 
important state-owned treatment facili- 
ties, 21 afe either new or have had 
major additions added since 1948, 2 
are to be modified in the near future, 
and 3 are to be abandoned because of 
city or county programs which have 
made sewers available. This leaves 
only two major plants for which ex- 
tensive additions or modifications are 
not completed or planned at this time. 

In the design of new plants and the 
modifications of existing facilities, 
there have been many interesting prob- 
lems. Some of the problems of more 
general interest are described herein. 


Treatment of Saline Sewage 


San Quentin Prison is almost as old 
as the State of California. The oldest 
cell block now in use at the prison was 
constructed in 1853. Sinee San Fran- 
cisco Bay borders one side of the pri- 
son, wastes always have been piped to 
the bay in the most expeditious manner 
from each building or structure. As 
a result, in 1949 when the initial stud- 
ies for the construction of a treatment 
plant were begun, there were 22 out- 
falls to the bay and at least one more 
was added before the initial studies 
were completed. 

Salt water is pumped from the bay 
for use as service water, ineluding the 
flushing of water closets. There was 
some concern, therefore, with the ef- 
fect of the salt water on _ bacterio- 
logical treatment processes. Growths 
along the polluted bay shore line and 
the then strong odors along the Berke- 
lev-Oakland water front were pretty 
strong evidence that bacteria capable 
of breaking down organic matter in 
sewage could exist in salt water. How- 
ever, fresh water also was used at the 
prison and it was feared that varying 
salinity resulting from a variable ratio 
of fresh and salt water might prevent 
the growth of bacteria. It is well 
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known that ocean-going ships are 
cleaned of salt-water growths and 
barnicles when taken into fresh water 
for any appreciable length of time. 
Nevertheless, despite extensive inquir- 
ies, it was impossible to obtain any 
factual information on the bacterio- 
logical treatment of saline sewage. 
Thus, it was decided to make some ad- 
ditional studies before proceeding with 
any treatment project. 

First, studies were made to deter- 
mine the probable chloride content of 
the sewage resulting from the com- 
bined fresh- and salt-water wastes. 
This was somewhat complicated by the 
fact there were 23 outfalls, as previ- 
ously mentioned. Also, the investi- 
gators were badly misled by estimated 
water consumption figures given by 
the prison. Water use figures given 


by the prison, and making suitable al- 
lowance for non-sewage water use, in- 
dicated the ratio of salt water to fresh 
water in the sewage should be about 
6 to 1; but chloride tests consistently 


indicated a ratio of about 1 to 1. This 
mystery was solved when the investiga- 
tions disclosed that the fresh-water con- 
sumption given by the prison as gal- 
lons was actually cubic feet. 

With this information, a_ typical 
sewer with chlorides of from 6,000 to 
8,000 p.p.m. was selected. It was then 
decided to construct a pilot plant to 
determine if bacteriological treatment 
was practical. Use of a trickling filter 
was selected as the type of secondary 
treatment best suited to the site and 
to the use of inmate operating per- 
sonnel. <A high-rate type filter was 
proposed using a recirculation ratio 
of at least 1:1 based on the average 
flow so as to average out the varia- 
tions in chloride content. For ex- 
ample, it was concluded the night flow 
would be appreciably more saline than 
the day sewage, due to the elimination 
of fresh-water wastes from the kitchen, 
laundry, and other sources. However, 
this night flow was also much less than 
the day rate and the cireulation of 
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filter effluent would tend to level out 
the variation in salinity. 

A pilot plant was constructed by 
prison inmates, using available ma- 
terials or items which could be fabri- 
eated at the prison. Rock was hand 
picked from the prison quarry. Pro- 
visions were made for regulating the 
desired flow and recirculation rate, 
and the plant was operated for about 
one year using an inmate operator. 
Incidentally, due to the low flow used, 
operating a small pilot plant such as 
this is quite a headache due to rags, 
clogging of pumps, distribution of sew- 
age on the filter rock, and other opera- 
tional problems. 

Within a week, the filter rock had a 
slim growth and it was evident that a 
considerable degree of purification was 
taking place. The filter did not pond 
at any time during the time the pilot 
plant was in operation. Results of 
B.O.D. tests on the filter effluent and 
settled filter samples (the pilot plant 
was run without a final clarifier) were 
surprisingly good. Results as high as 
90 per eent B.O.D. removal were in- 
dicated on several runs. 

On the basis of the pilot-plant stud- 
ies, the state constructed an _ inter- 
mediate-type high-rate trickling filter 
at San Quentin. Actual plant opera- 
tion has borne out the pilot studies 
that sewage with a normal salinity of 
6,000 to 8,000 p.p.m. chlorides and 
variation of the chloride content dur- 
ing parts of the day can be treated 
by a high-rate filter with recirculation. 

There was some thought that sludge 
from the treatment plant would con- 
tain too high a sodium ratio or chlo- 
ride content to be usable for fertilizer. 
It is well known that certain plants are 
injured when the sodium exceeds 75 
per cent of all the positive ions. In 
such a ease, the sludge would have had 
to be used for fill or elutriated with 
fresh water to remove the excess salts. 
Tests made, however, by adding the 
sludge to distilled water and then ana- 
lyzing the resulting decanted water 
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FIGURE 1.—Hillside sprays using standard filter nozzles dispose of state park sewage 
effluent cheaply and effectively. 


showed that the sodium ratio does not 
exceed about 60 per cent. The chlo- 
rides also were within the allowable 
range. This test seems to duplicate 
the action in adding fertilizer to the 
soil and then irrigating to leach it 
down. As practical evidence that the 
sludge is not fatal to grass, the area 
where the sludge was piled at San 
Quentin before grinding and sacking 
had a growth of grass in late January 
approximately seven to nine times as 
high as grass on adjacent areas where 
no sludge was piled. 


Use of Hillside Sprays 


In the design of treatment facilities 
in some of the state parks, the dis- 
charge of sewage effluent to the streams 
or watercourses is frequently not com- 
patible with the recreational use of 


the area. In three such areas, hillside 
spray systems have been installed for 
the disposal of sewage effluent. These 
installations have proven successful 
beyond expectations and offer a solu- 
tion for the economical land disposal 
of effluent during summer or dry- 
weather periods. 

Spraying is merely a means of 
distributing the effluent on the land 
and the hillside designation of the 
process relates only to the requirement 


of sufficient slope to distribute the ef.- 
fluent without ponding and puddling. 

For spraying the effluent, a standard 
tricking filter type nozzle is used. This 
type nozzle has large clearances, thus 
giving non-clog characteristics and low 
discharge head requirements. The 
nozzle used throws a 20-ft. spray under 
6-ft. head. 

In laying out a hillside system, suf- 
ficient spray nozzles normally are pro- 
vided so that at least one-half of the 
spray areas can be out of service and 
resting. The nozzles are spaced so 
that the sprays do not overlap and so 
that the theoretical projected down- 
hill wetted area below the sprays will 
be a diverging area rather than a con- 
verging area. Since water running 
downhill follows a path at right angles 
to the contours, the downhill wetted 
area is readily determined for design 
purposes and the layout of nozzles can 
be properly set. If the nozzles were 
set so that a converging wetted area 
would result, the effluent would tend to 
collect together and run off from the 
disposal area. 

The actual design of the hillside dis- 
posal area is based on application of 
effluent on the allowable theoretical 
downhill wetted area at a rate not to 
exceed 10,000 g.p.a.d. based on the 
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total number of nozzles. This value 
has been somewhat arbitrarily taken 
as the amount of water which could be 
disposed of by transpiration, evapora- 
tion, and minimum seepage. This rate 
of dosing is equivalent to a little more 
than 2 in. per week of applied effluent 
and is about what a good lawn requires 
in a dry area. It should be borne in 
mind that the hillside spray systems 
are at state parks, where the sewage 
load occurs in the dry season. 

In checking the operation of the 
state systems, at no time has any sur- 
face flow of sewage been observed. As 
each of the installations has certain 
design features of interest, the three 
systems will be briefly described. 


Taylor State Park 


The hillside spray system at Samuel 
P. Taylor State Park, in Marin County, 
is located on a narrow ridge. The 
ridge is forested with redwood trees 
and a humus layer several inches thick 
carpets the ground. This humus is 
considered beneficial in the operation 
of the spray system, as it acts as a 
blotter to absorb and distribute the 
effluent. Due to its textured surface, 
the surface area of the humus is prob- 
ably several times the plane area of 
the ground and it is thought the evapo- 
ration may approximate that from a 
free water surface. It is known, for 
example, that the evaporation from a 
saturated sand with its large surface 
area is greater than from a free water 
surface. 

Because of the narrow ridge and 
steep slope, it was necessary to provide 
three levels of sprays in order to pro- 
vide the required disposal area. Since 
it might be necessary to operate a por- 
tion of the sprays on different levels 
at the same time, some means had to 
be provided to maintain the same head 
on the different spray lines. This was 
done by providing standpipes at each 
level in which a constant water level 
was maintained by use of float valves. 
The spray lines then were connected to 
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these constant-head tanks, with each 
nozzle designed for 6-ft. head, making 
suitable allowance for head losses. 


Portola State Park 


Portola State Park, west of Palo 
Alto, is located in a redwood area some- 
what similar to Taylor Park, except 
that the terrain is not as steep and a 
greater spray area is available. Suit- 
able spray disposal areas existed both 
below and above the treatment facili- 
ties, thus permitting the development 
of a gravity spray disposal system as 
well as a pumped system. To dose the 
gravity system, a dosing siphon was 
installed in the pump sump for the 
pumped system, the siphon discharge 
level being set slightly higher than the 
pumping level. Thus, the pumped hill- 
side spray system, which is more re- 
mote from the river, is normally to be 
used, but in case of need or in case of 
power failure, the level in the sump 
would continue to rise until the siphon 
discharges to the gravity spray sys- 
tem. Thus, in the event of power fail- 
ure the disposal of the effluent is auto- 
matically taken care of. 


Calaveras Big Trees Park 


The disposal system at Calaveras Big 
Trees State Park, in Calaveras County, 
until recently consisted of a septic tank 
and a series of shallow leaching boxes. 
Increased park usage in the postwar 
years resulted in failure of the leach- 
ing boxes to absorb and dispose of the 
septic tank effluent, and in runoff of 
effluent to the local watercourse. 

Although an isolated hillside over- 
looking the septic tank had a consid- 
erable outcropping of rock and ap- 
parently very little soil cover or hu- 
mus, it was determined to try the use 
of hillside sprays. There also were 
considerable misgivings regarding the 
spraying of septic tank effluent in the 
area and it was felt that chlorination 
of the effluent might be necessary to 
control odors. However, experience 
with this system during the latter part 
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of the summer of 1953 was encourag- 
ing. There were no odors outside the 
immediate spray area and the effluent 
was disposed of without any runoff 
from the area. 

Since this park is in the winter 
sports area, it also has a winter usage. 
It is felt, however, that the spray sys- 
tem is not suitable for winter use due 
to runoff in wet weather and possible 
freezing during cold weather. Also, 
sprayed effluent might freeze and ac- 
cumulate on the hillside and then be 
released in rather high concentrations 
during thawing periods. 

Fortunately, however, the winter 
sewage load is considerably less than 
the summer load and the old leaching 
boxes are adequate to dispose of the 
winter sewage. Therefore, there were 


incorporated in the design provisions 
for using the leaching system in winter 
and the hillside spray system in sum- 
mer. 

This septic tank-hillside spray sew- 


age disposal system is inexpensive and 
may well prove to be the solution to 
the sewage problem in many recrea- 
tional areas. 


Modification of Overloaded Plant 


In the expansion and modification of 
existing treatment facilities, the engi- 
neer often is faced with greater dif- 
ficulties than are encountered in the 
design of a new plant. In such design 
he must make maximum utilization of 
existing facilities insofar as possible 
and still develop an economical, co- 
ordinated, and integrated treatment 
layout. Of the several state-owned 
treatment plants expanded in the past 
few years, the one at the Chino State 
Prison serves as a good example of how 
the desired result can be economically 
and effectively accomplished. 

This activated sludge plant, con- 
structed in 1931, was in excellent 
physical and functional condition ex- 
cept that the treatment process was 
completely destroyed by daily peak 
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flows of strong sewage. To maintain 
the activated sludge and keep the plant 
in operation, a large portion of the 
sewage flow was by-passed for several 
hours each day. Obviously this was an 
intolerable condition and modification 
of the plant was necessary. 

Since all units of the plant were 
badly overloaded both organically and 
hydraulically for a period of possibly 
8 hr. a day, there was some discussion 
of constructing parallel units to ex- 
pand the plant. This would have been 
an expensive solution, however, so 
further consideration was given the 
problem. From observation of the 
flow diagrams, it was obvious that al- 
though the plant was badly overloaded 
for a portion of the day, it was also 
underloaded for a period of 12 hr. or 
more during the night. The average 
daily flow was found to be less than 
the functional plant capacity. Rea- 
soning that the bacteriological process 
might work better on a steady flow and 
that the average flow was within the 
computed plant capacity, ways were 
considered to level out the flow to the 
plant. With this in mind, the plant 
expansion was designed to include a 
holding pond for automatically storing 
primary clarifier effluent in excess of 
the plant capacity and releasing the 
stored flow to the aerator basins when 
normal flow was less than the plant 
capacity so as to try to hold the flow 
following the primary clarifier to a 
constant. 

Since it is probable that septic con- 
ditions and a grass problem would re- 
sult if wastes were stored and drained 
from a holding pond on a daily eycle, 
and since any such septic conditions 
would be extremely detrimental to the 
operation of the activated sludge proc- 
ess, the holding pond was constructed 
as a permanent pond of 2.5-ft. mini- 
mum depth and 1 ft. of depth was pro- 
vided for storage purposes. The pond 
area was designed on the basis of the 
daily B.O.D. addition and removal. 
This has worked very well. The only 
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noticeable effect on the activated sludge 
process has been the imparting of a 
elear greenish color to the activated 
sludge effluent during periods of 
greater algae activity. This green 
color does not appear to be algae or 
algae remains broken up by the aera- 
tors, but rather appears to be a dis- 
solved coloring or chlorophy! from the 
broken up algae, which are apparently 
swept out by the activated sludge. 

Flow diagrams show that leveling 
of the flow through the activated sludge 
treatment facilities has been accom- 
plished and the plant effectively treats 
the total volume of sewage from the 
prison. 


Emergency Storage at Small 
Pumping Stations 


In Sacramento, where sewage from 
areas outside the city limits may be 
pumped to the city sewer system, it is 
required to supply storage facilities 
for 24-hr. flow so that no flow is dis- 
charged during times of high sewage 
flow in the city system. Likewise, such 
storage facilities might be desirable at 
pumping stations in critical areas when 
no stand-by service is provided. 

Such storage basins are generally 
expensive, since the live storage area 
should be below the sewers, which in 
turn are normally fairly deep at a 
pumping station. Also, these storage 
basins are difficult to properly clean 
and occasionally are a source of odors. 

In the design of the pumping sta- 
tion at the Northern California Recep- 
tion Center near Sacramento, it was 
necessary to provide such emergency 
storage. In considering this problem, 
the underground storage of natural 
vas using lengths of pipe was noted 
and it was decided to use a similar 
scheme. <As_ designed, the storage 
basin, consisting of approximately 300 
ft. of 36-in. pipe, automatically goes 
into use when the pumps are stopped 


SEWAGE AND INDUSTRIAL WASTES 


November, 1954 


and automatically drains when the 
pumps are started. With the pumps 
in operation the basin will be some- 
what self-cleaning, because it drains. 
However, a manhole was placed on its 
end so that the storage pipe ean be 
cleaned by flushing with a fire hose. 

Estimates indicate that this means 
of storing the sewage cost only about 
30 to 65 per cent as much as a conven- 
tional storage basin and will be much 
simpler to maintain. 


Septic Tanks and Ponds 


Ponds for the secondary treatment 
of septie tank effluent have been found 
to be both economical and free of 
nuisance when properly designed. As 
a rule of thumb, ponds are considered 
suitable in locations with 200 or more 
sunny days per year. Ponds have been 
found to be the most feasible means of 
waste disposal or secondary treatment. 
site conditions permitting, when use of 
a septic tank is indicated and soil con- 
ditions prohibit the economical use of 
leaching lines or pits. Such a system 
will normally have an overflow, par- 
ticularly in winter; however, the State 
Health Department has generally ac- 
cepted ponding for 30 days as equiva- 
lent to bactericidal treatment. 

In the design of such systems, the 
sewage is introduced through multiple 
inlets at the bottom of the pond so as 
to diffuse the septic sewage through a 
layer of partially oxidized material and 
increase the mixing with pond waters 
before coming to the surface, thus 
minimizing the chances of odors. Pond 
loadings are normally based on 50 Ib. 
of available oxygen per acre of pond 
surface based on ponds 3 to 4 ft. deep. 
The pond effluent is drawn from the 
top, which contains the most oxygen. 
Ponds are provided in duplicate to 
permit maintenance or even in tripli- 
cate when necessary to maintain a long 
detention period even with one pond 
out of operation. 
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Industrial Wastes 


PHARMACEUTICAL WASTE DISPOSAL * 


By A. GALLAGHER, L. J. Keere, 8S. A. Mayer, anp W. D. HANLON 


Chemical Engineers, Bristol Laboratories, Syracuse, N. Y. 


Although penicillin was discovered 
in 1928, it was not until shortly after 
the beginning of World War II that 
the pharmaceutical industry in the 
United States underwent a major ex- 
pansion as scientists responded to the 
discovery that penicillin was an effee- 
tive anti-bacterial agent for some of 
the important diseases produced by 
pathogenic organisms. After acquir- 
ing an existing small drug firm in 
March 19438, the newly formed Bristol 
Laboratories by September 1943 was 
one of the 23 pioneers rapidly expand- 
ing their penicillin fermentation proe- 
esses. 

Construction of the present plant 
was started immediately and the com- 
pany gradually moved from the old 
buildings to its new location. By early 
1954 approximately 900 people were 
working at the plant, which consists 
of 22 large buildings housing the pro- 
duction, research, engineering, de- 
velopment, maintenance, and _pilot- 
plant departments. 


Source and Characteristics of Waste 


As might be expected with a fer- 
mentation plant of this size and nature, 
there are waste disposal problems re- 
quiring considerable attention and 
study. The waste products from the 
plant are not treated biologically at 
the plant ; however, they are discharged 

* Presented at 1954 Spring Meeting, New 
York Sewage and Industrial Wastes Assn.; 
Syracuse, N. Y.; June 14-15, 1954, 


to a county sewer system served by an 
activated sludge sewage treatment 
plant. With a treatment system of 
this type close cooperation with the 
treatment plant is essential to insure 
that the factors having an effect on the 
sewage treatment process are given top 
consideration. 

A complete industrial waste dis- 
posal program might consist of vol- 
ume reduction, strength reduction. 
segregation, equalization, neutraliza- 
tion, filtration or sedimentation, and 
chemical or biological treatment. The 
treatment facilities of the manufactur- 
ing plant are limited, however, to the 
preliminary stages necessary for bio- 
logical treatment; namely, equaliza- 
tion, strength and volume reduction, 
and neutralization. 

Since penicillin is one of the more 
common antibioties produced, it might 
be well to briefly review the manu- 
facturing process so as to provide a 
general picture of a fermentation pro- 
cedure and the related waste products. 

In the early days of penicillin pro- 
duction, the mold was grown on the 
surface of \% to *4 in. of a quiescent 
nutrient solution in flasks, bottles, or 
trays. A common practice was to use 
bottles of approximately 2-qt. capacity 
and to incubate them on their sides to 
obtain the greatest amount of culture 
surface. In some industrial plants, 
as many as 30,000 bottles were inocu- 
lated each day, with the plants oper- 
ating on a 6- to 10-day schedule. 
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FIGURE 1.—Flow sheet for penicillin manufacture. 


The surface culture method has since 
been outmoded by the submerged, or 
tank process, which is now employed 
by Bristol Laboratories. The latter 
method consists of the steps shown in 
Figure 1. 

The seed for the fermentation tanks 
is obtained daily from the laboratory, 
where a master culture of the mold is 
retained in test tubes. From the mas- 
ter culture larger quantities of the 
mold are grown in laboratory flasks, 
which in turn serve as a seed source 
for the fermentation tanks. 

In the fermentation tanks, which 
stand three stories high, corn steep 
liquor, lactose, and mineral salts are 
mixed with water to form a medium 
which is sterilized by heat prior to 
inoculation. The inoculum, or seed, 
of penicillin is added to these tanks 
and incubated at room temperature 
for approximately three days under 
conditions of strong aeration and agi- 
tation. By the end of this period, the 
mold has excreted a material which 


later is refined and concentrated into 
the finished penicillin. The liquid, 
which contains the penicillin, is sepa- 
rated from the residue by the process 
of filtration. The residue, or mat, may 
be buried, used as a fertilizer, or dried 
and used as an animal feed supple- 
ment. 

The liquid, or filtered broth, from 
the fermentation process is successively 
extracted with solvents to dissolve and 
concentrate the penicillin and elimi- 
nate impurities. The spent broth from 
the extraction process is passed through 
a solvent recovery column before being 
neutralized and discharged to the sewer 
at a controlled rate. 

The penicillin is then made pure 
and sterile by filtering through a spe- 
cial filter to remove fever-producing 
substances and bacteria. This and 
subsequent operations are carried out 
under ultraviolet light in air- and tem- 
perature-regulated areas under com- 
pletely sterile and rigidly controlled 
conditions. 
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Following sterile filtration, the peni- 
cillin crystals are formed again in their 
purest state, dried, blended, and com- 
pounded with various ingredients to 
form the final products, which are sent 
to the filling and packaging depart- 
ment. 

Numerous investigations have shown 
that penicillin wastes are a composite 
of solids, spent broth, chemicals, and 
wash and cooling waters. Spent peni- 
cillin broth contains sugars, protein, 
and organic acids. Effective treatment 
for the removal of solvents and my- 
celia will generally result in a broth 
effluent with B.O.D. ranging from 4,- 
000 to 13,000 p.p.m. (1). The strength 
of a spent broth discharge is depend- 
ent upon the amount of food remain- 
ing at the end of the fermentation 
cycle, the efficiency of solvent recovery, 
and whether or not the mycelia are 
removed before discharge to the sewer. 
Brown and Niedercorn (1) have also 
reported that the process waters from 
a penicillin plant, ineluding spillage 
and washings from centrifuges, tanks, 
filters, stills, and floors, may be ex- 
pected to have B.O.D. values in the 
range from 500 to 1,500 p.p.m. The 
chemical wastes generally consist of 
acids, bases, salts, and solvents, all of 
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which contribute to the general waste 
disposal picture. 


Industrial Waste Surveys 


The first three industrial waste sur- 
veys at Bristol Laboratories were made 
in 1947, 1948, and 1949. The data 
were obtained by making flow and 
B.O.D. determinations every 30 min. 
The B.O.D. values were determined in 
the company’s control laboratory, with 
the accuracy of the determinations 
being periodically corroborated by run- 
ning duplicates at the county sewage 
treatment plant. 

Figure 2 represents the relative 
population equivalent values per gal- 
lon of waste discharged on the dates 
indicated. This curve is an excellent 
illustration of what may be aeccom- 
plished in the line of industrial waste 
equalization and strength reduction. 
When the data from the waste surveys 
during 1947 and the first part of 194s 
had been compiled, it was realized that 
the waste disposal problem was of suf- 
ficient magnitude to require a concen- 
trated study. There was a consider- 
able variation in the relative popula- 
tion equivalent until August 11, 1948, 
with values ranging from a low of 0.37 
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FIGURE 2.—Relative population equivalent of Bristol Laboratory (pharmaceutical) waste. 
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to a high of 1.0 per gallon of effluent. 
At first it was thought that the faulty 
operation of the spent broth solvent 
recovery column was responsible for 
the relatively high population equiva- 


lent average and range; however, 
further investigation revealed that this 
was not necessarily the ease. A study 
of the spent broth data (Figure 3) 
from the solvent recovery system and 
the total waste data for the corre- 
sponding dates did not reveal a sig- 
nificant correlation. On the basis of 
these results it was decided that one 
of the main waste disposal problems 
was to locate the sources and reasons 
for the sporadic discharging of wastes 
within the plant. 


Equalization of Wastes 


Due to the nature of the penicillin 
extraction process, the waste disposal 
problem was not as severe as it might 
have been. Instead of discharging the 
spent penicillin broth in batches as 
large as 20,000 gal. within a relatively 
short period, the extraction process was 
such that it was possible to control the 
waste broth discharge at a rate of ap- 
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proximately 30 to 40 g.p.m. The re- 
sult was an equalized flow, which pro- 
vided an effluent much more suitable 
for biological treatment. The impor- 
tance of this phase is more readily un- 
derstood when it is realized that the 
equalized flow contributes about 40 
per cent of the total waste loading. 

As shown by the waste surveys, there 
were also equalization problems over 
and above that of the spent broth dis- 
charge. For example, two of the main 
factors affecting the strength and vol- 
ume of the waste were the occasional 
uncontrolled discharge of spoiled whole 
broth and various water solutions con- 
taining organic solvents known to have 
extremely high B.O.D. values. The 
spoiled spent broth problem was re- 
duced in importance by equalization, 
or limiting the discharge rate toa value 
which would provide a waste load ap- 
proximately equivalent to a normal 
spent broth stream. 

From the standpoint of water-sol- 
vent solutions it was necessary to at- 
tack the problem from two separate 
angles. The first, that of solvent re- 
covery, is discussed later in this paper. 
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The second aspect of the problem was 
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FIGURE 3.—Relative population equivalents for spent broth and total waste. 
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FIGURE 4.—Spent broth population equivalent (as percentage of total waste load). 


approached by inaugurating an ~— 


doctrination course emphasizing the 
importance of industrial waste disposal 
to all personnel from the operating 
level to production management. Once 
it was realized that the uncontrolled 
discharge of solutions containing sol- 
vents could lead to serious operating 
problems at the sewage treatment 
plant, the problem was on the way to- 
ward being alleviated. Wherever pos- 
sible, the waste solvent solutions were 
discharged at equalized rates. 

The effect of this program is best 
illustrated by Figure 2, which shows 
that prior to August 18, 1948, 67 per 
cent of the relative population equiva- 
lent values were only within 0.22 rela- 
tive population equivalents of the aver- 
age, with a range from 0.37 to 1.00; 
the corresponding deviation from Au- 
gust 18, 1948, through September 27, 
1949, was 0.09, while the minimum and 
maximum values were 0.16 and 0.43, 
respectively. In other words, the 
variation in strength of the waste had 
been reduced by approximately 60 per 
cent. 


Strength Reduction 
Solvent Recovery 


In conjunction with the program 
to equalize the waste flow to the sewer 
system, an intensive effort was made to 
recover solvents wherever possible. 
The effect of this project is also illus- 
trated in Figure 2, where it may be 
observed that there was a decided drop 
in the population equivalent after Au- 
gust 11, 1948. Through August 11, 
the average relative population equiva- 
lent per gallon of waste was 0.74, as 
compared with a value of 0.29 for the 
samples taken during the period from 
August 18, 1948, through September 
27, 1949. The reduction in this case 
amounted to 61 per cent. 

The effect of the over-all strength 
reduction program is further illus- 
trated by Figure 4, in which the popu- 
lation equivalent values of the spent 
broth are presented as a percentage of 
the total wasteload. Through August 
11, 1948, the spent broth contributed 
about 7 to 18 per cent of the total 
waste load. Following the industrial 
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FIGURE 5.—Stripping column for recov- 
ery of solvent from spent broth. 


waste program, this value had been in- 
creased to approximately 40 per cent. 
Since there had been no appreciable 
change in the population equivalent of 
the spent broth during this period, it 
was concluded that the reductions in 
the strength of the waste were due to 
improved housekeeping and solvent re- 
covery throughout the plant. 

The solvents used at the plant are 
normally recovered in either of two 
systems. First, the solvent remaining 
in the extracted broth is recovered by 
passing the broth through a 72-in., 30- 
ft. high stripping column (Figure 5). 
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In this process, the solvent is removed 
from the spent broth by passing the 
broth down through a series of plates 
and bubble caps to the bottom of the 
tower, where live steam is introduced. 
The distillate flowing from the top of 
the tower is condensed to recover the 
solvent, while the spent broth is dis- 
charged from the bottom of the tower. 
With this stripping unit it is possible 
to remove all of the solvent from the 
spent broth, thereby effecting an ap- 
preciable reduction in the waste load- 
ing as well as a considerable saving on 
solvent expenditures. 

The second system for recovering 


FIGURE 6.—Combined stripping and 
rectifying column for purifying recovered 
solvent. 
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FIGURE 7.—Cooling tower system for re-use of plant process cooling water. 


solvents is a combined stripping and 
rectifying column (Figure 6), with 
which it is possible to remove all but 
approximately 0.25 per cent of the wa- 
ter from the used solvent. Dilute sol- 


vent solutions, at one time discarded, 
are now sent to the recovery column, 
from which the recovered solvents are 
returned to the respective processes. 


Mat Removal 


In the penicillin process flow sheet 
(Figure 1) the mat is removed from 
the whole broth following the fer- 
mentation eyecle and prior to extrac- 
tion. The removal is accomplished by 
vacuum filtration; the relatively dry 
mat from this process may be buried, 
utilized as a fertilizer, or utilized as 
an animal feed supplement. 


Volume Reduction 


Volume reduction is another im- 
portant factor in the waste disposal 
program. The most effective installa- 
tion in the plant from the standpoint 
of volume reduction is the cooling 
tower system (Figure 7), which elimi- 
nates practically all need for city-water 
cooling systems, the effluents from 
which eventually would be discharged 


to the sewer system. At present, ap- 
proximately 40,000 g.p.d. of city water 
are required for the cooling tower 
make-up feed. Without this tower sys- 
tem, about 2.0 m.g.d. of city water 
would be required to effect the cooling 
necessary for the various processes and 
utility equipment. In other words, 
without a cooling tower system, the 
volume of the waste effluent would be 
increased by approximately 2 m.g.d., 
or 300 per cent. 

Since 1949 several water consump- 
tion surveys have been made at the 
plant with the main objectives of re- 
ducing the amount of city water used 
and the volume of the industrial waste 
effluent. Some of the major points of 
volume reduction discovered as a re- 
sult of these surveys are presented in 
Table TI. 


TABLE I.—Examples of Waste Volume 
Reduction in Pharmaceutical Production 
Volume 
Reduction 
Location (g.p.m.) 
Air cond. condensers 50 
Vacuum pump cooling 20 
Nash pumps 25 
Vacuum ejectors 
Bleed steam condensation 


Total 


. 
i 
: 
3 
60 4 
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The volume reductions realized with 
the air conditioning units resulted from 
conversions to tower water for con- 
densing purposes, and the cleaning of 
fouled heat transfer surfaces on evapo- 
rative-type units to result in reduced 
quantities of make-up water. With the 
pumps and ejectors, it was a case of 
converting from city water to tower 
water for cooling and condensing, re- 
spectively. The quantity of water re- 
quired for steam bleed condensation 
was reduced by installing control 
valves on the condensing water head- 
ers leading to the various bleeds used 
for sterilization purposes. 


Neutralization 


Some of the process waste waters are 
acidic and some are basic. Wherever 
possible these wastes are combined to 
effect a neutralization before discharg- 
ing them to the sewer system. In some 
cases, where sufficient basic wastes are 
not available for combining with acidic 
effluents, it is necessary to neutralize 
with sodium hydroxide. This is ac- 
complished through the application of 
an automatic pH recorder controller 
unit whereby the pH of the effluent is 
raised to 4.5 in a continuous-flow sys- 
tem. 
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Current Program 


The last comprehensive industrial 
waste survey at Bristol Laboratories 
was made in 1949; however, the over- 
all waste disposal problem has been 
under constant surveilanee during the 
interim period and at present there is 
in operation a Waste Disposal Control 
Center, which authorizes and regulates 
the discharge of all waste products to 
the sewer system. 

At the time of the 1949 survey peni- 
cillin was the main product at Bristol 
Laboratories. By 1954, however, a 
good share of the penicillin capacity 
had been converted for the production 
of other products, among which are 
streptomyein and tetracycline. Since 
the manufacturing processes for these 
products is somewhat similar to that 
for penicillin, the waste products are 
of a parallel nature, but of lower 
strength, as pointed out by Brown and 
Niedereorn (1) and Hilgart (2). 
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TREATMENT OF MACHINE SHOP AND FOUNDRY 
WASTES * 


By C. W. Haruaway anv R. E. Harvit 


Metallurgical Department, Chevrolet Motor Division, General Motors Corporation, 


Chevrolet manufacturing facilities 
on the Niagara River at Tonawanda, 
N. Y., consist of an automobile engine 
plant, a forge plant, and a foundry. 
There is also, on adjacent property, a 
government-owned plant operated by 
Chevrolet for the manufacture of air- 
eraft engines. The expansion pro- 
gram currently in progress has neces- 
sitated additions to previously installed 
waste treatment facilities and con- 
struction of new treatment plants. 

The principal liquid waste resulting 
from the operations in the aviation 
engine plant, the automobile engine 
plant, and the forge plant is oil. The 
principal waste from the foundry is a 
black slurry resulting from the opera- 
tion of a sand reclamation system. 

The waste treatment systems for 
these respective operations are dis- 
cussed separately. 


Aviation Engine Plant 


Oil wastes from the aviation engine 
plant are of both the emulsified and 
the floating type. The emulsified oils 
result from the discard of cutting and 
grinding coolants, the cleaning of en- 
gine parts, and the scrubbing of test 
cells. Oils of the floating type result 
from the leaking of hydraulie equip- 
ment and the loss of quench oils and 
lubricants. 

Previous to the installation of the 
present equipment all waste water con- 
taining oil was passed through gravity- 


* Presented at 1954 Spring Meeting, New 
York Sewage and Industrial Wastes Assn.; 
Syracuse, N. Y.; June 14-15, 1954. 
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type oil separators. ‘These have been 
retained in the present set-up.  Ef- 
fluent from the separators is pumped 
to a 15,000-gal. overhead holding tank, 
from which the water flows to a system 
designed to treat 3,000 g.p.h. 

The first operation consists of dosing 
and rapid mixing the waste with a 
combination of aluminum sulfate and 
sulfuric acid. This reduces the pH 
from about 10 to about 4, with the co- 
incidental precipitation of a small 
amount of floe. Mixing is accomplished 
in a cireular tank with bottom influ- 
ent and top effluent. The retention 
time is about 20 min. 

Gravity separation of floating oil 
and floc is accomplished by passage 
through a rectangular tank with a sur- 
face baffle at the effluent end and a 
skimming trough. The retention time 
in this tank is 4 hr. 

The partially clarified water is then 
ready for final treatment, which con- 
sists of flocculation, and flotation with 
the aid of dissolved air. The equip- 
ment used is one of the currently 
marketed flotation units equipped with 


a pump, air injector, modulating 
valves, pressure tank, and flotation 
chamber. 


The partially clarified water passes 
from the gravity separator to a 1,000- 
gal. surge tank, from which it is drawn 
by the flotation unit pump. Air and 
caustic are injected at the pump. The 
liquid, now with a pH of 6.5, is 
pumped into a pressure tank, where 
the air is dissolved by the water. The 
drop in pressure which results when 
the water passes to the flotation unit 
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FIGURE 1.—Simplified flow diagram of forge and engine plant wastes treatment system. 


causes the air to emerge from solution. 
The minute bubbles adhere to the floe 
and oil particles, and by their buoy- 
ancy raise these particles to the sur- 
face. <A series of mechanically-oper- 
ated flights skim the floated material 
to a scum holding compartment. The 
clarified water is drawn from the bot- 
tom of the unit through perforated 
pipes and adjustable risers to the top 
of a small holding compartment, from 
which it passes to the sewer. 

The material skimmed from the 
gravity separator after the acid-alum 
treatment is combined with the seum 
from the flotation unit and transferred 
to a 1,000-gal. cooking tank. Here it 
is treated with sulfuric acid and heated 
close to the boiling point. The acid 
reacts with the aluminum hydroxide 
floc, producing a solution of aluminum 
sulfate. The oil adsorbed on the floc 
is liberated and rises to the surface. 
The solution of aluminum sulfate and 
unreacted sulfuric acid is transferred 
then to a large sump, where it is held 
until needed as a dosing chemical in 
the initial step of the process. 

The foregoing process has been de- 


scribed with extreme brevity because 
the treatment system for the engine 
and forge plants described in the fol- 
lowing section, embraces a_ similar 
process in much greater size and de- 
tail. 

Engine and Forge Plants 


The oily wastes from the automobile 
engine plant are quite similar to, but 
much larger in volume than, those from 
the aviation engine plant. The method 
of collecting these wastes and the esti- 
mation of the volumes involved were 
based largely on experience gained in 
handling a similar problem at another 
location. The plant under discussion 
is expected to yield a maximum flow 
of oily water of about 15,000 g.p.h. 
It is quite possible that this may aver- 
age about 6,000 p.p.m. of oil. 

The waste from the forge plant is 
expected to originate largely around 
the forging machines. This is expected 
to be rather large in volume, about 42,- 
000 g.p.h. maximum. The oil content 
may be about 200 p.p.m. 

The high oil content and compara- 
tively low flow rate of the engine plant 
waste seems to indicate the advisability 
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of segregating this material and apply- 
ing a preliminary treatment before 
mixing with the larger flow from the 
forge plant. 

Figure 1 is a simplified flow sheet 
showing the main components of the 
system. Figure 2 shows the elevations 
and water levels of the various pieces 
of equipment discussed. 

All process waste water containing 
oil from the engine plant is to be 
routed to a 200,000-gal. holding tank. 
This tank serves a double purpose—it 
acts as a surge tank to even out the 
flow to the treatment system and also 
tends to even out the variations in 
composition. The cylindrical tank is 
divided diametrically into two com- 
partments so that one section can be 
cleaned while the other is in operation. 
A horizontal skimming trough is pro- 
vided on each side of the partition so 
the floating oil can be removed for 
special treatment whenever such a 
procedure is necessary or advisable. 


The waste is pumped from the hold- 
ing tank to a 3,000-gal. mixing tank, 
where it is treated with a combination 
of aluminum sulfate and sulfurie acid. 


The emulsion is almost completely 
broken and some floe is formed. From 
the mixing tank the waste flows by 
gravity to a 50-ft. long oil separator 
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with a 2-hr. retention time. The com- 
bination of oil and floc rises to the 
surface for mechanical skimming. It 
then flows to a storage tank to await 
further treatment. The effluent water, 
still containing some oil, flows to a 15,- 
000-gal. holding tank, where it mixes 
with the waste from the forge plant. 

Waste from the forge plant is col- 
lected in sumps throughout the plant. 
then is pumped to two 50,000-gal. con- 
erete holding tanks adjacent to the 
plant. It is then pumped through a 
long overhead line to the treatment 
plant, which is loeated near the engine 
plant. 

Mixed wastes from the two plants 
containing some aluminum sulfate in 
solution, are pumped to the flotation 
units. Of the two units provided, 
each has a rated capacity of 700 g.p.m., 
although they are to be used at a rate 
of only 500 g.p.m. An automatic con- 
trol system provides for recirculation 
of the effluent from the flotation unit 
back to the 15,000-gal. holding tank 
whenever the flow of waste into the 
holding tank becomes less than the 
pumping rate to the flotation system. 

A general description of the opera- 
tion of the flotation equipment has 
been given in the previous discussion 
of the aviation plant set-up. 


treatment system components. 
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FIGURE 2.—Relative elevations and water levels of forge and engine plant wastes Ag 
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FIGURE 3.—Simplified flow diagram of foundry wastes treatment system. 


The floated seum from the first treat- 
ment of the engine plant waste, and 
scum from the flotation unit, are 
pumped to a steam-heated, conical- 
bottom cooker, where the action of 
heat and sulfurie acid separate most 
of the remaining water from the oil. 
The acid and alum solution is drawn 
off the bottom to be re-used in the first 
mixing operation. The oil layer, which 
may still contain about 10 per cent 
water, is combined with similar oil 
from previously treated batches and 
subjected to a boiling treatment. This 
drives off most of the remaining water. 
The oil is then pumped to a salvaged 
oil storage tank. 

Four cookers have been provided. 
They are steam-heated, conical-bottom, 
lead-lined tanks of 2,000-gal. capacity 
each. 

A building of masonry construction 
houses the treating equipment, which 
is located on three separate levels. The 
upper level contains the alum and caus- 
tic holding tanks and a large holding 
tank for the sulfuric acid and reclaimed 
alum combination. This location per- 
mits these chemicals to be delivered by 
gravity to the points of treatment. A 
grating walkway permits easy access 
to all of these units. 


The main floor level, about 4 ft. 
above grade, is the location of the flo- 
tation units and their pressure tanks, 
and also functions as the operating 
level of the large mixing unit, the 
gravity oil separator, and the cookers. 

The lower level is the location of the 
lower portions of the large units, such 
as the oil separator and cookers, and 
the 15,000-gal. surge tank plus various 
pumps and other incidental equipment. 

A large sump below the lower floor 
collects all of the treatment plant 
drainage. This liquid is automatically 
pumped back into the treatment sys- 
tem. 


Foundry 


The problems faced by Chevrolet 
relative to the disposal of foundry 
wastes are those concerned mostly with 
floating and settleable solids. The 
molding sand used at this plant is to 
be reclaimed for re-use by special 
washing and conditioning equipment, 
diseharging as a residue all the con- 
stituents of the molding mixture ex- 
cept the re-usable sand. The contami- 
nants include fine sand, sea coal, graph- 
ite, oxides of metal, and clay. 

The waste water is expected to con- 
tain from 3,000 to 6,000 p.p.m. of sus- 
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pended solids, which will consist of 
the materials mentioned, plus smaller 
amounts of material from dust arrest- 
ing and miscellaneous equipment. The 
total flow of this waste will be about 
1,800 g.p.m. Figure 3 is a simplified 
flow diagram of the foundry wastes 
treatment system. 

The wastes are first collected in one 
of two conerete settling tanks each 100 
ft. long, 20 ft. wide, and 15 ft. deep. 
The retention time is about 1 hr. The 
waste water enters one end of the 
tank through a transverse distribution 
trough and leaves by overflowing ad- 
justable notched weirs located on the 
other three sides of the tank. The con- 
ditions prevailing in this tank should 
allow the relatively large particles of 
sand and other debris to settle, leaving 
a water containing extremely fine sus- 
pended solids. 

One tank is used until there is a 
sufficient accumulation of solids to im- 
pair the efficiency of the sedimenta- 
The flow is then directed 


tion process. 
through the other tank while the first 
is dewatered for removal of the solids 
by a clamshell bucket on an overhead 


erane. 

About 1,500 g.p.m. of the effluent 
from the primary settling tanks is re- 
circulated to the foundry; the balance 
is further treated before it is dis- 
charged to a sewer, where it joins 
treated wastes from the adjoining 
motor and forge plants and flows to 
the Niagara River. 

The water requiring further treat- 
ment was estimated, by difference, to 
amount to about 300 g.p.m. For de- 
sign purposes this figure was expanded 
to 600 ¢.p.m., or about 200 per cent of 
the estimated flow. Because of the 
nature of this particular waste, the 
pipe conveying the water to the second- 
ary clarifier is above ground to facili- 
tate cleaning in event of a stoppage. 
The eoncrete clarifier is 55 ft. in di- 
ameter and has a 15-ft. side-water 
depth. Provisions have been made to 
equip the tank with mechanical sludge 
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scraping and skimming mechanisms. 
Besides having a sludge sump at the 
apex of the conical bottom, the tank 
is equipped with a down-flow center 
coagulation zone containing a motor- 
driven paddle floceulator. Provisions 
have been made for adding coagulat- 
ing chemicals in this zone. At the de- 
sign flow of 600 g.p.m., the floccula- 
tion period is about 30 min. The 
treated waste enters the sedimentation 
zone through the bottom of the co- 
agulating chamber. The detention 
period in the sedimentation chamber is 
about 6% hr. Mechanical sludge re- 
moval is provided. The clarified wa- 
ter overflowing a peripheral weir may 
be discharged to the sewer system or 
routed to a holding or surge basin 
prior to additional treatment. 

It has been reported and some ex- 
perimental work prior to design has 
indicated this particular type of waste 
to be more amenable to separation by 
floating the solids with the aid of dis- 
solved air. For this reason, the equip- 
ment includes a flotation cell, which 
can be used for additional clarification 
if necessary. The waste water can be 
taken as a partially clarified effluent 
from the overflow weir of the sedi- 
mentation tank, or all the waste water 
may be drawn off the bottom of this 
tank, and routed to the influent well 
prior to being pumped to the flotation 
equipment. 

In the event that the suspended mat- 
ter settles satisfactorily in the sedi- 
mentation tank, the sludge will flow by 
gravity, or will be pumped, depend- 
ing on the concentration of solids, to 
a sludge basin. The sludge basin is 
sized to contain about 16,800 gal. nor- 
mally, with an emergency capacity of 
21,000 gal. According to estimates, 
the normal capacity will hold about 8 
hr. accumulation of sludge. In the 
sludge basin, chemical additions may 
be made to improve the filtering or de- 
watering characteristics of the solids. 
A double-turbine-type slow-turning 
mixer in the basin insures uniform 
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consistency of the sludge. Also, if 
floated solids are introduced the mixer 
provides a means of de-aerating and 
defoaming the seum from the flotation 
tank. 

In the event that clarification is not 
satisfactorily completed in the sedi- 
mentation tank, the effluent is routed 
to the influent well prior to flotation. 
Feed pumps used to charge the flota- 
tion unit are sized to permit variable 
quantities to be pumped to the flota- 
tion machine, depending on the rate 
of flow into the influent well. 

The sludge after either the flotation 
or the sedimentation treatment is ex- 
pected to contain about 10 per cent 
This concentration of solids 
does not permit easy disposal. Addi- 
tional dewatering of the sludge is ac- 
complished on a rotary drum vacuum 
filter. The residue, containing ap 
proximately 50 per cent moisture con- 
tent, is discharged onto a serew con 
veyor, where addition of hot fly ash 
tends to evaporate more water and in- 
crease the solids content. The screw 
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conveyor is situated so that it extends 
over a truck driveway so the waste ma- 
terial can be hauled to a dumping 
area. The filtrate can be recirculated 
to the sedimentation tank, or if it is suf- 
ficiently devoid of suspended matter it 
may be routed to the sewer system. 
Relative elevations of tanks and equip- 
ment are shown in Figure 4. 

The waste treatment building, of 
masonry construction, immediately ad- 
joins the sedimentation tank, thereby 
reducing sludge piping to a minimum. 
The building consists of three levels, 
the lower level containing the flotation 
influent well, the sludge basin, and the 
lime slurry receiving basin, all built as 
a part of the building itself. Also con- 
tained in the lower level are the foun- 
dry recirculating pumps, the sedimen- 
tation tank sludge pumps, the flotation 
feed pumps, and the lime slurry 
pumps. The second level, or ground 
floor, contains the flotation system, the 
lime receiving area, the chemical stor- 
age area, equipment for mixing chemi- 
cals, and an area set aside for chemical 
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FIGURE 4.—Relative elevations and water levels of foundry wastes treatment 
system components. 
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laboratory control use. The third level 
houses the dewatering filters, the 
chemical holding tanks, a 10,000-gal. 
lime storage tank, and a fly ash stor- 
age bunker, as well as equipment for 
distributing fly ash and conveying de- 
watered sludge out of the building to 
waiting trucks. 


Special Construction Details 


All tanks subjected to contact with 
materials of low pH are lined with 
neoprene or lead. In the system for 
the motor and forge group the alum- 
sulfurie acid mixing tanks, the oil 
separator, and the oil mixture storage 
tanks are lined with -in. thick neo- 
prene. The acid-water tanks, cookers, 
and evaporators are lead-lined. All 
piping used to convey corrosive liquids 
is plastic-lined. The pumps for these 
liquids are made from stainless-type 
materials impervious to attack. The 
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concentrated sulfuric acid tank is steel 
and the conveying piping is wrought 
iron. Dilute sulfurie acid piping is 
plastic-lined. Protection against less 
vorrosive substances is attained by the 
use of acid-resistant paints. 

The pumps and mechanical equip- 
ment for the foundry waste treatment 
required special consideration with re- 
gard to abrasion resistance. 

Special care was exercised in design- 
ing adequate cleanout ports in all pip- 
ing. Some locations are provided with 
fittings so that both compressed air 
and water can be used to open plugged 
lines and flush the piping. 

Protection against difficulties en- 
countered due to stoppages has been 
provided by necessary overflow and 
by-pass arrangements. 

Provisions also have been made and 
space allotted for future expansion of 
all waste treatment facilities should 
such be necessary. 


FLORIDA PLANT APPROVALS IN FIRST HALF OF 1954 


During the first six months of 1954, 
plans were approved by the Sewage 
and Industrial Waste Section of the 
Bureau of Sanitary Engineering, 
Florida State Board of Health, for 20 
new sewage treatment plants costing 
an estimated $1,661,500 and designed 
to serve 55,500 people. Plans also were 
approved for additions to existing 
treatment plants and sewer systems 
and installation of new sewer systems 
to serve 148,000 people, costing an 
estimated $5,578,600. Thus, to total 
estimated cost of approved projects in 
the municipal category was $7,240,100 
for the 6-month period as compared 
with $6,102,700 for the entire previous 
year. 


In addition, a total of 65 municipal 
sewerage projects was approved during 
the first six months of 1954, as com- 
pared with 47 for the entire year 1953. 

Miscellaneous projects approved in- 
cluded individual waste treatment fa- 
cilities for 7 laundries, 1 restaurant, 6 
schools, 8 tourist and trailer courts, a 
produce terminal, a recreation park, a 
shopping center, and a manufacturing 
plant. The cost of these projects was 
estimated at $188,200. 

Increased interest was shown on the 
part of industry during the same pe- 
riod with regard to treatment of waste. 
As an example, a pilot plant was con- 
structed to study citrus waste treat- 
ment. 
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TREATMENT OF SULFUR MINE WASTE WATER * 


By J. W. Scuwas, D. C. Epmiston, anp G. T. McBripg, Jr. 


Respectively, Texas Gulf Sulphur Company, Newgulf, Tex.; Teras Gulf Sulphur Company, 
Beaumont, Tex.; and Assistant Professor of Chemical Engineering, 
Rice Institute, Houston, Ter. 


The purpose of this paper is to pre- 
sent an account of the way in which a 
threatened air and water pollution 
problem incident upon the develop- 
ment of a modern sulfur mining opera- 
tion in an urban area was forestalled 
through devising and placing in suc- 
cessful commercial operation a new 
and novel process for the treatment of 
sulfur mine waste water. This brief 
account is intended to include a his- 
torical and theoretical background of 
the new process, together with a de- 
scription as to flow pattern, equipment, 
and operating data of the commercial 
plant now in operation near Beaumont, 
Tex., at the Spindletop Dome mine of 
the Texas Gulf Sulphur Company. 

In mining sulfur by the Frasch 
process, large amounts of waste water 
accrue. Because the volume of the hot 
fresh water entering the formation to 
melt the sulfur far exceeds the volume 
of melted sulfur removed, great under- 
ground pressures would build up were 
it not the general practice to bleed 
water from the bottom of the forma- 
tion at the flanks of the dome. Since 
the cold brine, or formation water, 
originally present in the sulfur-bear- 
ing stratum is heavier, it seeks these 
lower levels, while the warm fresh wa- 
ter tends to rise in the formation to 
melt sulfur, or at least to warm it. 
Thus, the first waste water in a sulfur 
mining operation is formation water. 

* Presented at 1954 Southern Industrial 


Wastes Conference; Houston, Tex.; Apr. 21- 
23, 1954. 


Composition of Waste Water 


As mining continues, the formation 
water slowly becomes diluted with the 
fresh water, and with this dilution 
there is generally some rise in tempera- 
ture. It might at first be thought pos- 
sible to reheat this waste water and to 
return it to the formation for melting 
more sulfur. When this has been at- 
tempted in the past, however, difficul- 
ties have soon arisen both with scale 
formation and with excessive corro- 
sion, as softening the water before re- 
heating is out of the question because 
of the quantities of chemicals involved. 

To illustrate, Table I gives a typical 
analysis of waste water from Spindle- 
top Dome; this is the water with which 
the treating process is required to deal. 
It will be noticed that it contains, in 
addition to 74,000 p.p.m. sodium chlo- 
ride, substantial quantities of other 
chlorides, sulfates, bicarbonates, and 
sulfides of sodium, ealeium, and mag- 
nesium. As far as has been deter- 
mined, sulfides are present in this wa- 
ter at its wellhead pH of approxi- 
mately 6.5 as dissolved hydrogen sul- 
fide and as polysulfides, the water hav- 
ing a yellow color which is eliminated 
upon removal of the sulfides. 


Waste Water Liberates Gases 


Were the raw waste water dis- 
charged to a receiving stream through 
open ditches in an urban area, sig- 
nificant problems of air and/or wa- 
ter pollution would result. Although 
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TABLE I.—Analysis of Raw Waste Water' 
(Sulfur Mine Waste Water), 
Spindletop Dome 
Constituent p.p.m. 

(a) Base ANALYSIS 


Soluble sulfide 270 
Calcium 2,400 
Magnesium 560 
Sodium 29,200 
Bicarbonate 430 
Sulfate 2,240 
Chloride 49,000 


(6) HyporuHeticaAL CoMBINATIONS 


Calcium bicarbonate 570 

Calcium sulfate 3,200 

Magnesium chloride 2,190 

Calcium chloride 3,660 

Sodium chloride 74,200 
‘ pH 6.5. 


much experience has shown that natu- 
ral aeration in open ditches does not 
produce toxie or even dangerous con- 
centrations of hydrogen sulfide in the 
surrounding atmosphere, nuisances of 
odor and of paint blackening ensue. 
Further, should the raw waste water 
be absorbed into a receiving stream 
without prior removal or evolution of 
sulfides, its high chemical oxygen con- 
sumption, corresponding in the case 
of the waste water analysis shown to 
an iodine demand of 270 p.p.m. as sul- 
fide, would exert a deleterious effect 
on stream condition, the magnitude of 
which would depend on prior stream 
history and the relative volumes of 
stream and waste water. 


Sulfides Must Be Oxidized 


This is obviously not a situation for 
the use of gaseous chlorine to oxidize 
the sulfides to benign salts, as is prac- 
ticed in the ease of natural household 
waters having low sulfide concentra- 
tions (1), for the costs would be pro- 
hibitive. It might at first be thought 
that a purification from sulfides could 
be effected with the recovery of an 
equivalent amount of sulfur, but this 
has not yet been accomplished because 
of the large volume of water involved. 
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The treatment and disposal of this 
waste water to eliminate or to mini- 
mize the odor nuisance and to avoid 
intolerable stream pollution is a recog- 
nized problem in the American sulfur 
industry, for the amount of waste wa- 
ter displaced from the mine is usually 
about equal to the volume of fresh 
water used for mining, amounting to 
several million gallons per day even at 
a small mine. 

Fortunately for sulfur producers, 
most of the deposits so far worked have 
been located on the shores of the Gulf 
of Mexico, usually in sparsely settled 
districts. In these cases, the waste wa- 
ter has been ditched directly to the 
Gulf or to connecting bays. At other 
mines, the waste water has been im- 
pounded and/or aerated by spraying 
for a time sufficient to allow the escape 
of the sulfides as gaseous hydrogen sul- 
fide and then wasted to brackish 
streams. Again, when salty or brack- 
ish streams were not close to the mine, 
the sulfide-free water from the im- 
pounding basins has been released to 
fresh water at low rates or during 
periods of high stream flow so as not 
to effect aquatic life adversely. 


Sulfide Removal 


In locations where none of the fore- 
going techniques were utilizable, due 
either to extreme distance from tide- 
water or to too great a population 
density, the waste water has been 
treated for disposal by various proc- 
esses having as common features the 
gas scrubbing of the raw bleedwater 
and the dispersion of the sulfide- 
bearing scrubbing gas from tall stacks 
to minimize atmospheric pollution 
at ground level. In this treatment 
method, the waste water is scrubbed 
with flue gas, the carbon dioxide of 
which maintains the pH value of the 
bleedwater substantially constant at 
about pH 7 to permit chemical re- 
lease of the sulfide. Under these con- 
ditions, noticeable concentrations of 
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hydrogen sulfide are not found at 
ground level except during infrequent 
unfavorable atmospheric conditions, 
yet the method is not considered suit- 
able for use where the sulfur mines 
are located in urban areas. This treat- 
ment method is well known to the in- 
dustry (2)(3). 


Need for New System 


It was the general feeling of the 
company officials responsible for the 
development of the Spindletop Dome 
mine of the Texas Gulf Sulphur Com- 
pany that none of the conventional sul- 
fur mine waste-water treatment meth- 
ods would be satisfactory, for inherent 
in all of them was the possibility that 
hydrogen sulfide, either from open 
ditches or from the treatment process, 
might reach ground level and produce 
undesirable levels of .pollution. What 
was required here was the development 
of an entirely new process of sulfur 
mine waste-water treatment from 
which there would be no emission of 
hydrogen sulfide and whose product 
would be stable water, which could be 
received without ill effect into the ad- 
jacent Neches estuary. 

In this situation, recourse was had 
to a corrolary of the traditional Wack- 
enroder reaction, in which gaseous hy- 


1. Solution of Sulfur Dioxide in Water 
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drogen sulfide is passed into a dilute 
solution of sulfurous acid with pro- 
duction of a milky, opalescent suspen- 
sion of colloidal sulfur and solution of 
various sulfur acids. The present 
process consists of contacting the raw 
waste water with a commensurate 
quantity of dilute sulfurous acid with 
provision for adequate mixing and sub- 
sequent adequate reaction time at pH 
levels from pH 2 to pH 4. This proc- 
ess converts soluble sulfide to insoluble 
elemental sulfur and to soluble and in- 
soluble salts, such as thionates, poly- 
thionates, thiosulfates and_ sulfates. 
The insoluble sulfur and the insolu- 
ble salts can easily be removed by con- 
ventional clarification processes with- 
out odor nuisance, and the soluble salts 
have given rise to no serious problems 
of stream pollution. 


Chemistry is Complex 


The exact reactions between the sul- 
furous acid solution and the hydrogen 
sulfide-containing waste water are not 
fully known, but the net result is a 
quantitative yield of colloidal insolu- 
ble sulfur and various soluble and in- 
soluble sulfur compounds, mainly sul- 
fites, thiosulfates, sulfates, thionates, 
and polythionates. The probable re- 
actions are as follows: 


SO, + = H,SO; (1) 
(Sulfur dioxide) (Sulfurous acid) 
H.SO, + SO, — H.S.0; (2) 


(Pyrosulfurous acid) 


280, H.0 


H.S.05 


(Pyrosulfurous acid) 


2. Primary Reactions 


H.S,0; H.S 


(Sulfoxylic acid) 


2H.SO0, 


= 


H.SO, + H,§8.0; 


(Disulfoxylic acid) 


(Sulfoxylic acid) 


H = 


28 + 2H:0 


(Sulfur) 


(Thiosulfuric acid) 
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2H.8.0; = 


(Hydrogen sulfide) 


3. Secondary Polythionate Reactions 
H.8;0, + HS,0; = 


SULFUR MINE WASTE WATER 


+ 
(Trithionic acid) 


+ H,SO; 


(Tetrathionic acid) 


3H.8.0; 
+58 
HS,0. + 58 


HS + HSO; + 
H.S,0¢ 


(Pentathionic Acid) 


H.S,0,. + HS.O; = 


+ H.SO; (13) 


Alternatively, the primary reactions may be considered to involve the hypothe- 


tical sulfur acid H.S.Ox¢, as follows: 
2—A. Primary Reactions 

H.S + SO, 

H.8.0. + HS 

H.S.02 + 2HSO; = 


H.S,0,. (14) 
38 + 2H.O (15) 
H.S,0¢ + 2H.0 (16) 


The corresponding alternate secondary polythionate reactions are as follows: 


3-A. Secondary Polythionate Reactions 
HS,0. + H,SO; 
+ 
HS,O. + HS 
HS:0: + 2H,8,0; 
= 


The foregoing reactions are written 
as proceeding from the reactants on the 
left to the products on the right, al- 
though in all reactions the participants 
are subject to equilibrium, even the 
insoluble colloidal sulfur participating 
by virtue of its nascent condition 
rather than immediately separating 
out by precipitation. 

The progress and equilibrium state 
of each of the reactions are affected 
by the pH of the medium. At pH 2 
to 4 it is believed that the predomi- 
nant reactions are those of Eqs. 1 


H.S30¢ + H.S,0; (17) 
H.8.0; (18) 
+ 2H,8,0; (19) 
HSeO¢ + 2H:O (20) 
H.S;0¢ +8 (21) 


through 7 or, alternatively, Eqs. 14 
through 19, producing predominantly 
sulfur, sulfite and thiosulfate. 


Commercial Process 


This new sulfurous acid process for 
the treatment of sulfur mine waste wa- 
ter has been reduced to commercial 
practice at the Texas Gulf Sulphur 
Company’s Spindletop Dome mine 
near Beaumont, Tex. Construction 
began in the late fall of 1951 and 
initial operation in the early summer 
of 1952. The process has been proven 


(8) 

: 

| 

or 

= (10) 

or 

and 

; (12) 

or 
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CHEMICAL 


06% Sulphurous Acid 
influent 


Gas to 


Disposal 


GAS REACTOR 
PRE-SEPARATOR 


Lime Slurry 


FLOCCULATOR 


Alum Solution 


Stream 


Outfoll Weir 


FIGURE 1.—Flow diagram for sulfur mine waste-water treatment plant. 


by two years of successful application,gggby 15-ft. high concrete vessel in which 


large volumes of waste water having 
been treated without giving rise to 
either atmospheric or stream pollution. 

A simplified flow diagram is given 
in Figure 1. The influent line is a 
16-in. diameter, class 150, asbestos ce- 
ment line, through which the sulfur 
mine waste water flows from the closed 
waste-water well discharges under 
pump pressure to the gas pre-separa- 
tor, the latter being an 8-ft. square 


the large amounts of hydrocarbon gases 
contaminated with hydrogen sulfide 
are separated from the bleedwater and 
removed for disposal elsewhere. 


Chemical Control Important 


It should be noted that once received 
into the gas pre-separator, the sulfur 
mine waste water is under its own hy- 
draulic head and the flow through the 
remainder of the process is entirely by 


FIGURE 2.—Reactors, with gas pre-separator at upper right. 
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TABLE II.-—-Summary of Equipment and Retention Periods 


| | | 
| Retention 


Material of Auxiliary Equipment Time 


Unit Size ) 
Construction (min.)! 


Asbestos 


Influent line | Dia., 16 in.; length 1,600 ft. 


| cement 
pre-sepa- | 8 ft. by 8 ft. by 15 ft. deep; 
6-ft. liquid depth | 
Two parallel units, each 10 
| ft. by 110 ft. by 6 ft. deep; | 
4.7-ft. liquid depth | 


Gas 
rator 
Reactor 


Concrete 
Redwood Externally-mounted 
turbine mixers in | 
acid and lime mix | 
cells 
Two parallel units, each 18 Downdraft mixer 
ft. by 18 ft. by 12 ft. deep; units 
11-ft. liquid depth 
‘Two parallel units, each 50- | Concrete | Sludge rake and oil | 
| ft. dia. by 14.5-ft. depth, | skimmer 
| 


Flocculator Concrete 


Clarifier 


cone bottom 
4-ft. wide, broadcrested 


Creosoted 
timber 


Outfall weir 


! Minutes for normal flow at | m.g.d. 


eravity. From the gas pre-separator 
the waste water flows to the reactor 


with a commensurate quantity of 0.6 
per cent sulfurous acid by weight, pro- 


(Figure 2), entering first the parallel 
acid mixing cells at the influent end 
of the reactor, where it is flash mixed 


duced by the burning of sulfur and 
absorption of the burner gas in con- 
ventional equipment. The acid mixing 


FIGURE 3.—General view of sulfur mine waste-water treatment plant, showing: 
chemical storage tanks, background; reactors, right; flocculators, center; and clarifiers, 
lower left. 
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SULPHUROUS ACID 
105700 GPD 
06% SO, by wt 
LIME 
4200 GPD 


, Ibs CaO/gal 


ALUM 
3200 GPD 
0.0525 Ibs alum/gal 


RAW WASTE WATER 
10 MGO 
270 PPM SULPHIDE 
74200 PPM SALT (NoCL) 


REACTOR 


CHEMICAL USAGE / MGD 


Sulphur — 1.55 t/day 
Lime Ibs/day 
Alum —168 Ibs/day 


FLOCCULATOR 
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TREATED WASTE WATER 


1.0985 MGD 

SULPHIDE - NEGATIVE 

pH G7 

TURBIDITY 45 PPM 

68800 PPM SALT (NaCL 

PERMANGANATE 
DEMAND 


FIGURE 4.—Volume balance and operating summary of sulfur mine waste-water 
treatment plant at normal flow of 1 m.g.d. 


cells at the influent end of the reactor 
are covered and sealed against gas 
evolution from the process, this being 
the only point at which H.S tends to 
be evolved. As noted in the equipment 
summary (Table II), the reactor is an 
open redwood tank of reetangular 
shape containing at each end two 
10-ft.-square parallel mixing cells on 
the intake for sulfurous acid and on 
the outlet for lime, together with two 
parallel 90 ft. long by 10 ft. wide 
detention tanks in the center baffled 
against short circuiting. The pH of 
the waste water is maintained at 2.8 
for the requisite detention time and is 
then increased to approximately 7.2 by 
the addition of a 0.5-lb.-per-gallon lime 
slurry in the lime mixing cells at the 
effluent end of the reactor tank. 
From the reactor the waste water 
flows to floceulators (Figure 3), each 
18 ft. square by approximately 11 ft. 
liquid depth, where the 0.0525-lb.-per- 
gallon alum solution added in the line 
between the reactor and the flocculator 
is agitated slowly to produce a pre- 
cipitate of desirable settling charac- 
teristics. From the floceulators the 
water flows at pH 7.2 by gravity to the 
two parallel 50-ft. diameter by 14.5-ft. 
liquid depth clarifiers, with equipment 
for oil skimming and sludge removal. 


Krom the effluent weir of the clarifiers 
the treated water is discharged through 
an outfall weir to the receiving ditch, 
which carries it approximately 2,900 
yd. to oil skimming and surface waste- 
water disposal facilities for the entire 
Spindletop Dome area. 

It will be noted from Table II that 
the total retention time for the process 
at 1 m.g.d. throughout is about 13.7 hr. 

An operating summary for the plant 
is presented in Figure 4, which depicts 
plant performance at its normal ¢a- 
pacity basis of 1-m.g.d. input of raw 
sulfur mine waste water. It will be 
noted that the original sulfide has been 
completely destroyed and that the ef- 
fluent is a comparatively stable, neu- 
tral, clear salt water. 
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CONSTRUCTION AND MAINTENANCE OF 
INDUSTRIAL SEWERS * 


By Ernest K. 


Civil Engineer, Engineering Department, Eastman Kodak Company, Rochester, N. Y. 


Through the years sewers have come 
to be classified as either storm-water, 
sanitary, or combination sewers. How- 
ever, the development of modern in- 
dustry with its increased use of water 
in its processes for washing, heating, 
and cooling has forced the need for 
another classification of sewers known 
now as industrial sewers. 

Engineers are thus confronted with 
the problem of finding suitable ma- 
terials and construction methods to 
produce a sewer that can withstand the 
chemical action of the acids and alka- 
line wastes that must be discharged, 
as well as receive the shock of extreme 
temperature changes necessarily re- 
ceived from various manufacturing 
processes. In addition, means are con- 
tinually being devised to facilitate in- 
spection, repair, and cleaning of these 
relatively new industrial sewers. 

This paper endeavors to present 
something of the knowledge and ex- 
perience gained by the Engineering 
and Maintenance Division at the Kodak 
Park works of the Eastman Kodak 
Company in Rochester, N. Y., through 
years of constructing and maintaining 
industrial sewers for the industry that 
produces photographic film and chemi- 
cals, as well as other chemical com- 
pounds sold as such. 

The Kodak Park plant oceupies 579 
acres and employs approximately 20,- 
000 people. The industrial sewers vary 
in size from 8 to 64 in. in diameter and 
total approximately 14 mi. in length. 
These sewers carry to a disposal point 


* Presented at 1954 Spring Meeting, New 
York Sewage and Industrial Wastes Assn.; 
Syracuse, N. Y.; June 14-15, 1954. 


the discharge from such industries 
within an industry as a paper mill, a 
gelatin manufacturing plant, a plant 
manufacturing sulfurie acid, silver re- 
covery from waste film and liquids, 
manufacture of artificial leather, proc- 
essing of color pictures, production of 
vitamin tablets and compounds, a plant 
for the recovery of solvents, manufac- 
ture of photographie chemicals, and 
the wastes resulting from the produc- 
tion of 28,000 tons of refrigeration and 
30,000,000 Ib. of steam daily. 

From this outline of the wastes re- 
ceived it can be readily seen that waste 
temperatures are sometimes high. 
Lime, cinders, acids, and various salts 
are received into the sewer, and the pH 
of the wastes on oceasion runs off the 
normal scales in either direction. 
Waste temperature in the sewers is 
generally at 120° F., since the ex- 
tremes modify each other and with a 
flow of approximately 18.5 m.g.d. tem- 
perature rises are slow, except in the 
smaller sewers and laterals. 


Types and Sizes 


These sewers have been constructed 
of a variety of materials depending 
upon the judgment of the engineer in 
charge at the time of construction, the 
size of sewer required, and to some ex- 
tent on the materials available at the 
time of construction. For example, 
about 0.4 mi. of 48-in. diameter brick 
sewer constructed about 1909 has ce- 
ment mortar joints. Another 0.8 mi. 
of 48-in. diameter sewer constructed 
about 1918 is of vitrified tile segmental 
block with cement mortar joints. The 
more recently constructed 48-in. sewer 
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built in 1945 and 1952) is of concrete 
pipe having vitrified tile liner plates 
with hot-poured sulfur cement joints. 
In general, however, sewers of 36-in. 
or smaller diameter are built of vitri- 
fied clay pipe with various joint ma- 
terials. 
Construction 


Sewer construction in areas being 
newly developed presents no particu- 
lar problem that is unusual to sewer 
construction generally. Fortunately 
most of plant work is of this nature. 
When sewers must be replaced or con- 
structed in crowded industrial areas 
where manufacturing processes are 
continuous and materials and products 
must be kept moving either by truck, 
or railroad, or both, serious problems 
arise in construction schedules and 
methods. Then there are, of course, 
all the other underground facilities. 
such as drinking-water mains, fire 
mains, water mains for industrial use, 
electric ducts, steam lines, process pip- 
ing, and tanks that have to be moved 
or supported and crawled under. 

Construction costs are necessarily 
high in these areas because of the ex- 
tra sheeting necessary to confine the 
work and support other facilities. It 
usually is necessary to haul away ex- 
cavated materials, at least at the be- 
ginning of the work, and then haul 
back material when the sewer is com- 
pleted. Work must be done in short 
lengths and after the work is started 
newly excavated material can be used 
for backfill on the last completed length 
of sewer. Where rock excavation is 
required it is often necessary to break 
out the rock with a point when blast- 
ing would cause prohibitive jar to 
processes in the area. 

Present practice is to use vitrified 
clay pipe for most sewer work 36 in. 
or less in diameter, except where 
extreme conditions are anticipated. 
Where sewers larger than 36 in. in 
diameter are required concrete pipe 
with vitrified tile liner plates is used. 
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Uther material, such as plain concrete 
pipe, asbestos cement pipe, and iron 
pipe are not considered suitable be- 
cause of the acid content of the waste. 

The joint is made by first caulking 
with dry twisted jute or asbestos rope 
and pouring the joint with a _ hot- 
poured sulfur cement compound. These 
materials have been selected as suit- 
able for use under most conditions 
found in this chemical industry. Dry 
jute or asbestos repe have been selected 
as caulking materials because oakum is 
vily and leaves an oil film on the vitri- 
fied tile, destroying the bond between 
the sulfur cement and the tile. 

Asphaltie materials have been used, 
but it has been found that these ma- 
terials tend to flow under the continued 
high temperatures and in time the joint 
material is found in the bottom of the 
sewer. The hot-poured sulfur cements 
set up quickly and make a rigid joint 
that is equally as strong as the vitri- 
fied tile pipe. 

All sewers are constructed on stand- 
ard conerete cradles, regardless of soil 
eonditions. A good foundation on any 
structure is good economy. This is 
especially true for sewers, as the cost 
of the eradle is small compared with 
the total cost and the ineonvenience 
of construction. The conerete cradle 
insures a rigid foundation to support a 
sewer that is made inflexible by the 
joint material used. 

Exceptions to the foregoing are made 
to meet unusual conditions of location 
or extreme temperature. For example, 
when a sewer must be replaced or con- 
structed in a busy section, every effort 
must be made to cause the least possi- 
ble delay to truek and railroad move- 
ment of raw materials and finished 
products. On three occasions it was 
necessary to maintain traffie uninter- 
rupted. This was accomplished by 
jacking tongue-and-groove concrete 
pipe between two points where jack- 
ing pits could be dug. On these occa- 


sions good line and grades were main- 
checking ; 


tained by frequent even 


: 
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though jacking proceeded from both 
pits, the joint in the middle is so good 
that it is impossible to go through the 
sewer and find the joint where the two 
sections met. Jacking distances varied 
from 50 to 108 ft., depending on re- 
quired distances and soil conditions. 

Sewers constructed by jacking pipe 
are not usually sized to meet the flow 
requirements of the sewer. Instead 
the size is governed by the opening a 
man can effectively work in, probably 
a minimum of 30 in. in diameter. 

Concrete pipe is considered a good 
sewer material and probably would 
serve for years under normal condi- 
tions; however, for this industrial use 
it is preferable to provide a protection 
for the concrete before the sewer is 
put into use. This is accomplished by 
the use of vitrified clay tile. Since 
the sewer is larger than it needs to be, 
it is usually necessary to install vitri- 
fied clay tile liner plates only in the 
bottom half of the sewer. The tile 
liner plates are placed in cement mor- 
tar, the joints are raked, and hot-poured 
sulfur cement is poured into the joints. 
Where the joints are vertical or nearly 
so, thin paper is pasted over the joint 
with sodium silicate to serve as a form. 
The top half of the conerete pipe is 
coated with a black asphalt paint. The 
first of these installations has been in- 
spected after six years of use and 
found to be satisfactory in every re- 
spect. 

One sewer lateral installation was 
required to receive a discharge of 
several hundred gallons of a 2 per cent 
solution of sulfuric acid, at a tempera- 
ture of more than 200° F., at intervals 
of once a week. It was desirable that 
this discharge be completed in a few 
minutes so that a new cycle of the 
process could be begun immediately. 
It was feared that the usual clay tile 
sewer would be cracked by the re- 
peated sudden rise from a normal 
ground temperature of perhaps 50° to 
the 200° temperature. Consequently, 
10-in. diameter stainless steel tubing 
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was encased in concrete to form this 
sewer. The type of stainless steel used 
was selected after first consulting the 
records of tests of various metals sub- 
merged in the sewers. These tests are 
being made continually with the co- 
operation of the company’s metalurgi- 
eal laboratory. 


Manholes 


Manholes used are the standard man- 
holes of either brick or concrete pipe 
construction, with the exception that 
the bench walls and sides of the man- 
holes to the top of the sewer are con- 
structed of vitrified tiles or hard- 
burned bricks with hot-poured sulfur 
cement joints. 


Maintenance 


Maintenance ineludes inspection. 
cleaning, and repair. 


Inspection 


Inspection requires that an engineer 
or other responsible person enter the 
manholes, and sewers if possible, and 
actually see conditions as they are and 
take pictures. 

Safety is important in any sewer, 
and in industrial sewers carrying 
chemical waste its effect on men must 
be guarded against. The inspector 
must use proper protective clothing, 
safe lights, and suitable gas masks. 
Finding a suitable mask presents a 
problem. Several types have been 
used. The usual canister type is not 
suitable if there is an oxygen deficiency. 
The mask receiving oxygen from a 
cylinder is good, except that if the 
oxygen bottle is carried on the back it 
is impossible for a normal man to get 
through a manhole opening or get 
around in the sewer. If the oxygen 
tanks are kept on the surface, the man 
in the hole is dependent on the small 
air line and its uncertain connections. 

Finally, what appears to be a suit- 
able mask has been selected. It is a 
combination of a source of compressed 
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air instead of oxygen in tanks on the 
surface and a small bottle strapped to 
the wearer’s back for emergency use 
in case the air line becomes tangled or 
broken. 


Automatic Vapor Alarm 


A continuous check for an explosive 
atmosphere in the sewer is now main- 
tained by using a clock recording de- 
vice with an explosive meter. This in- 
strument is so constructed that not 
only is a record made of the explosive 
intensity of the atmosphere in the 
sewer, but also when a danger point 
is approached an alarm bell rings in 
the fire station and the firemen pro- 
ceed to turn fire hoses into the sewer 
for dilution. An alarm is also occa- 
sion for the engineers to investigate 
how an explosive substance got into 
the sewer and warn the department 
concerned of their loss. 


Cleaning 


Cleaning is a seasonal job for a crew 
of four men. Their equipment con- 
sists of flexible jointed sewer rods with 
an assortment of accessories and a 
trailer-mounted gasoline engine for 
turning the rods. The equipment is 
used first and is good for breaking 
through a sewer that is found com- 
pletely stopped. 

Since proper cleaning requires the 
removal of solid material from the 
sewer, a cable from a gasoline-powered 
winch or sewer machine is attached to 
the rods before they are pulled out of 
the sewer. Thus, the cable is drawn 
through the pipe for use with a small 
clamshell bucket. This bucket is then 
pulled in and out of the sewer by two 
trailer-mounted sewer machines. Solid 
materials removed are emptied directly 
from the clamshell bucket into a ‘‘load 
lugger’’ bucket for disposal. 

Other equipment includes a rotary 
sewer cleaner for use primarily in 
buildings and for sewer laterals. This 
equipment can best be described as 
consisting of pieces of coiled steel 
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spring, each approximately 15 ft. long, 
fastened end to end with a special 
joint. The long spring this formed 
ean be thrust into a pipe and turned 
by a small machine powered by an elec- 
tric motor. Special screws and cutters 
are provided with this equipment. 

Some years ago flushing with fire 
hose and special nozzles was used al- 
most exclusively. By this means flow 
was started again and the solids were 
moved along the sewer to cause a 
stoppage somewhere else. 


Repair 


Sewers constructed of materials used 
today have not required repair, serv- 
ing this difficult industry with com- 
plete satisfaction for as long as nine 
years. Repair has been required 
mostly in the old 48-in. brick sewer. 
Apparently the fumes from the waste 
have not affected the cement mortar 
joints in the top half of the sewer, but 
the mortar in the bottom half of the 
sewer was completely gone. In the 
older section of the plant the indus- 
trial sewer also receives storm water; 
during periods of intense rainfall, the 
48-in. sewer had been too small. 

To repair the sewer would have re- 
quired a means of diverting a flow of 
approximately 16 m.g.d. at that time. 
Consequently, it was found that the 
construction of a new sewer parallel 
to the old brick sewer would give the 
needed increased capacity and provide 
a way to divert the waste without 
pumping. This was the first use of the 
48-in. concrete pipe with vitrified tile 
liner plates. 

Completion of the new sewer was 
immediately followed by repair of the 
old brick sewer, whose invert had been 
constructed in from 2 to 4 ft. of rock 
excavation. A large portion of the 


invert was completely gone and re- 
quired replacement with brick and con- 
crete. Vitrified tile liner plates were 
then placed in the bottom half of the 
sewer in the same manner described 
previously for use with concrete pipe. 
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Other materials had previously been 
used for repair of this sewer. A large 
section had been coated with pneuma- 
tically applied cement mortar. This 
did not prove to be satisfactory and 
after relatively few years only traces 
of it could be found. 

The first successful repair was 
made with redwood tongue-and-groove 
staves, such as are commonly used on 
wood tanks. This material could be 
installed without completely drying 
the sewer. The redwood invert in- 
stalled in 1936 is in good shape and 
was not replaced with the tile liner 
plates. 

Some repair has been made in the 
vitrified tile segmental block sewer. A 
few blocks in the sidewalls have been 
found broken. These broken blocks 
were chipped out and replaced with 
brick masonry backing and _ vitrified 
tile liner plates. On these oceasions it 
was not always possible to pour the 
joints with the sulfur cement and an 
acid-proof mortar or paste was needed. 
An acid-proof resin cement known as 
‘*Alkor’’ was used. It is a good ma- 
terial, but has the disadvantage of re- 
quiring nearly 24 hr. to set up. 

As ean be readily seen, the greatest 
difficulty in sewer repair is to dewater 
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the sewer for a period long enough to 
do the work. Because since only the 
large sewers can be inspected and 
worked in, repairs almost always neces- 
sitate pumping or otherwise diverting 
large volumes of water. This work is 
often done during periods of low flow 
by installing short sections of light- 
gage metal pipe of a smaller diameter 
in the large sewer and blocking it up 
off the invert. This can be done near 
manholes, but is difficult in long see- 
tions between manholes. 


Conclusion 


In conclusion it must be said that 
the construction and maintenance of 
industrial sewers is an interesting oe- 
cupation. It is a never-ending search 
for and experiment with new materials 
and methods. As long as industry 
progresses to new products and pro- 
duces ever-changing wastes the sewer 
requirement must change to meet new 
demands. 
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CONTROL OF ACCIDENTAL DISCHARGE OF 
CYANIDE SOLUTIONS * 


By B. A. Poo.te, R. H. anp W. G. BELTER 


Respectively Director, Bureau of Environmental Sanitation; Chief, Industrial Wastes Section; 
and Sanitary Engineer, Indiana State Board of Health, Indianapolis, Ind. 


Expansion of Indiana’s metalwork- 
ing industry has produced a problem 
in industrial waste control that has re- 
quired a unique solution. The crux 
of the problem is the prevention of 
accidental discharges of concentrated 
cyanide solutions into municipal sewers 
and streams. 

Usual procedures within industrial 
plants had failed to check sporadic 
but continued killing of fish and live- 
stock. The obvious hazard to humans 
which accompanied the killings could 
not be overlooked. 

This situation was brought to a head 
in July 1952, when a plating solution 
containing 1% tons of sodium cya- 
nide was accidentally drained to the 
Lafayette, Ind., city sewer system and 
to the Wabash River. The solution 
was lost when the plant foreman failed 
to close a drain valve while filling the 
electrolyte tank. A 3-mi. long toxic 
slug started downstream, killing prac- 
tically all aquatie life in its path. 
Natural dilution and chemical action 
gradually reduced and finally dissi- 
pated the toxicity in a 60-mi. stretch. 
Fortunately, the public water supply 
at the Terre Haute intake, located 30 
mi. farther downstream, was not af- 
fected. This dramatic occurrence high- 
lighted the necessity for positive pre- 
ventive action by the Stream Pollution 
Control Board. 

Consequently, a proposed regulation 
was drawn up and circulated for com- 
ment among officers of the Indiana 

* Presented at 27th Annual Conference, 


Central States Sewage and Industrial Wastes 
Assn.; Richmond, Ind.; June 24-26, 1954. 


Section, American Electroplaters So- 
ciety. A draft also was sent to mem- 
bers of the Metal Finishing Industry 
Action Committee of the Ohio River 
Valley Water Sanitation Commission. 
Minor changes suggested by these na- 
tionally prominent platers, chemists, 
engineers, and executives were incor- 
porated into the proposed regulation. 
After a public hearing, the Stream 
Pollution Control Board adopted the 
regulation, which became effective on 
January 10, 1953. 


The Regulation 


The regulation is brief. It states: 


Any person, firm or corporation engaged 
in manufacture or other process in which 
eyanides or cyanogen compounds are used 
shall have each and every room, where 
said compounds are used or stored, so con- 
structed that none of said compounds can 
escape therefrom by means of building 
sewer, drain or otherwise directly or in- 
directly into any sewer system or water- 
course ; 

PROVIDED, however, that on applica- 
tion to and prior approval by the Stream 
Pollution Control Board, limited amounts, 
which it is determined would not be detri- 
mental to public health or which would not 
pollute any lake, river, stream, drainage 
or roadside ditch or other water-course, 
shall not come under the provision of the 
paragraph above. 


Removing the cautious legal termi- 
nology, the first paragraph says that 
wherever cyanide compounds are used 
or stored, there must be no access to a 
sewer system or stream. The second 
paragraph provides an_ exception 
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wherever treatment of rinse water is 
unnecessary. It takes into account 
those plants where wastes containing 
small amounts of cyanide have not 
caused difficulty in the receiving stream 
or sewage treatment plant. 

As a part of the stream pollution 
control law, which has an ‘‘about to 
pollute’’ clause, action can be taken 
before pollution occurs. The regula- 
tion is truly preventive. 


Cyanide Questionnaire 


As there was no list of cyanide users 
in the state, a questionnaire was mailed 
to 920 metalworking industries. A 91 
per cent return has shown that actual 
users of cyanide are confined to 235 
plants. Uses involved are plating, 
heat treating, pickling, metal strip- 
ping, and laboratory analyses. The 
first two constitute 90 per cent of the 
users, 

As expected, the vast majority of 
users are located in urban areas. Half 
are connected to municipal sewer sys- 
tems where treatment is provided. 
The majority of the remaining half of 
the users discharge either into sewer 
systems having no sewage treatment, 
or directly into streams. 

The pin-pointing of these potential 
trouble spots has been beneficial to all 
coneerned. State, industrial, and mu- 
nicipal sewage treatment personnel, 
making inspection of industries to- 
gether, have come to recognize the need 
for and importance of closer coopera- 
tion between industry and munici- 
pality regarding common waste dis- 
posal. 


Causes of Cyanide Spills 


If cyanide spills are to be prevented, 
their cause should be thoroughly un- 
derstood. Design of preventive works 
must allow for human error and me- 
chanical failure. 

Tank overflow (not tank failure) 
is the principal cause of cyanide 
spills. This fact cannot be overstated. 
Overflows have occurred when cooling 
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coils, immersed in solutions, ruptured. 
Many overflows were the result of 
carelessness or negligence when water 
make-up accidents occurred. These 
situations are particularly dangerous 
when the accident happens after regu- 
lar working hours. 

Other spills have been caused by 
leakage or outright failure of a valve. 
Obviously, it is impossible to leave a 
valve open inadvertently if all drain 
valves on cyanide tanks are eliminated. 
Serious spills also have been connected 
with filtering accidents when hoses 
slipped their moorings or when hose 
clamps failed. 

Experience in the investigation of a 
score of cyanide spills points up the 
fact that the ‘‘man-with-the-mop,’’ the 
‘valve turners,’’ and the ‘‘low man on 
the totem pole’’ are key men in the 
prevention of eyanide spills. Without 
their educated cooperation and care, 
preventive devices can be all but nulli- 
fied. 


Preventive Methods 


Considerable ingenuity has been dis- 
played by designers of preventive 
works in plans submitted for review. 
Essentially, there are five methods of 
preventing spills, as follows: 


Curbing. 

. Holding or storage tanks. 

. Pits or recessed floor areas. 
. Double-eapacity tanks. 

. Miscellaneous. 


Curbing 

The most common method of isolat- 
ing cyanide tanks from a sewer system 
or stream is a simple curb surrounding 
eyanide solution tanks. The volume of 
the curbed-in area around single cya- 
nide tanks should be equal to or greater 
than the volume of the cyanide solu- 
tion. Multiple tanks need not have 
100 per cent volume protection. Curbs 
should be waterproof. Rinse waters 
are piped outside the curbed area to 
drains (Figure 1). 
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SPACE FOR FILTER 


This method is useful in most job 
plating shops because of its simplicity 
of construction. More than one-third 
of the plans submitted employ this 
method. 

There are many variations. In some 
situations, the entire plating area is 
eurbed, floor drains are sealed with 
concrete or removed, and the rinse 
waters are piped outside the curb. 


CYANIDE TANK—~ 


OVERFLOW SLOTS 


Several plans have been submitted pro- 
viding for a pan, under an out-of-the- 
way cyanide tank, which drains to a 
main curbed-in area. 

Accumulations of dirt, solution drag- 
out, ete., within the curb may present 
a maintenance problem; but with ordi- 
nary good housekeeping, no real dif- 
ficulties are anticipated. Hosing-down 
within the curb presents a hazard if 
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HOLDING TANK WITH ALARM SYSTEM 


FIGURE 2.—Holding tank for retaining an accidental discharge of cyanide. 
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the contaminated water is siphoned or 
pumped into the sewer without check- 
ing to insure a low and safe cyanide 
content. Practically all plating estab- 
lishments have cyanide titration equip- 
ment, chemicals, and at least one per- 
son to interpret the results and make 
the proper disposal decision. 


Holding or Storage Tanks 


The holding tank method involves 
the collection of spilled solution via 
overflow or floor drain and conveyance 
to a dry tank having sufficient capacity 
to retain the spill. The tank may be 
buried or in a basement or lower floor 
(Figure 2). Naturally, rinse waters 
are piped out of the area. 

The method is particularly adapt- 
able for use with automatic plating 
units. These units are generally sur- 
rounded by floor trenches which drain 
to the plant sewer system. By means 
of dams or pans, the cyanide portion 
of the units can be isolated and any 
spills diverted directly into a holding 
tank. 

Where there are several cyanide 
tanks connected to a holding tank, it 
is not ordinarily necessary to provide 
for 100 per cent storage of all cyanide 
solution in use. Aside from the law 
of probability involving a spill of eya- 
nide from more than one tank at a 
time, other design factors are: relative 
size of tanks, concentration of cyanide 
solution, and availability of dilution in 
municipal sewers or receiving stream. 
Where less than 100 per cent holding 
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capacity is available, a high-level alarm 
system, installed in the holding tank, 
is recommended. Under special cir- 
cumstances, the Stream Pollution Con- 
trol Board has approved designs pro- 
viding for holding capacity as low as 
50 per cent of the solution volume in 
use. 

By means of special piping and com- 
partmentation of holding tanks, this 
type of installation is able to recover 
and reclaim valuable spilled solutions. 


Pits or Recessed Floor Areas 


A positive method of isolation is the 
pit method, where a _ below-floor-level 
pit is provided directly under each 
cyanide tank (Figure 3). This method 
is favored in new installations of auto- 
matic plating units. 


Double-Capacity Tanks 

A double-capacity tank installation 
involves the placing of a holding tank 
around a eyanide tank, but to be ade- 
quate in size the volume of the outer 
tank should be twice the volume of 
eyanide in use. The extra volume is 
to retain cyanide solution overflow as 
well as leakage (Figure 4). 

Mere double-walled tanks do not 
qualify as satisfactory if the volume 
of air space between tanks is not equal 
to or greater than the cyanide solution 
in use. 

Double-capacity tanks are especially 
useful where only one small tank is 
involved or where a tank is in such a 
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FIGURE 3.—Pit underneath cyanide tank. 
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FIGURE 4.—Double-capacity tank for 
retaining a tank overflow or leakage. 


position that isolation by other meth- 
ods cannot be applied. 


Miscellaneous 


One method of cyanide isolation gen- 
erally used in small operations is to 
design the plating area with no floor 
drains. Plants using the method have 
thus complied with the regulation with- 
out any construction. Rinse waters, 
of course, are piped directly to a sewer 
removed from the area. Any acci- 
dental spill will be retained on the 
floor and, incidentally, more than likely 
interfere with production until re- 
moved. 

Several plants have constructed 
ramps across doorways to isolate an 
entire plating area. 

In this category might also be in- 
cluded the scheme of constructing a 
waterproof riser over a floor drain in 
an isolated area to afford storage of 
spilled eyanide. A few such vertical 
sewer extension installations have been 
reluctantly approved where economy 
was favored over increased risk. Such 
installations are too easily removed or 
circumvented, but the real danger lies 
in the possibility of a eyanide spill re- 
acting with a spilled acid solution to 
produce deadly hydrogen eyanide gas 
in the working area. 


Cyanide Solution Disposal 


Many times the question is asked, 
‘If we have an accident and the solu- 
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tion is retained, what do we do with 
it?’’ In most eases, the solution will 
have become contaminated and there- 
fore require disposal. 

Simple controlled bleeding of the 
solution into a sewer or stream seems 
to be the most economical method, but 
extreme care must be exercised. Care- 
ful determination of the volume and 
cyanide concentration must be made. 
An aecurate knowledge of the volume 
of diluting sewage or stream is a 
‘‘must.’” The municipal sewer super- 
intendent or sewage treatment plant 
operator should be consulted, or at 
least advised of the proposed disposal. 
He will generally recommend that the 
cyanide, as CN, be limited after dilu- 
tion in raw sewage to the range of 1 
to 3 p.p.m. 

The sewage treatment plant opera- 
tor should keep in mind that such solu- 
tions might have a high alkalinity, high 
pH, and contain metals such as ead- 
mium, copper, and zine. Discharge of 
metallic sludges from plating plants 
into sewers should be avoided. If the 
eyanide solution is to be bled into a 
stream, the recommendation is that the 
cyanide concentration, as CN, after 
mixing and dilution, be not greater 
than 0.2 p.p.m. Before mixing has 
been accomplished, a toxic streak might 
exist below the point of discharge. 

Pretreatment is in order at times. 
This might be accomplished by chlo- 
rination, hypochlorination, or electro- 
lvtic oxidation—details of these proe- 
esses can be found in the 
literature. 


technical 


Indiana experience shows that rinse- 
water treatment is necessary in but 
relatively few places. Ten plating 
plants have facilities for treatment. 
Rinse-water treatment methods em- 
ployed thus far are alkaline (gas) 
chlorination and hypochlorination. 


Costs 


The cost of complying with the regu- 
lation naturally depends upon the size 
of the operation and the local condi- 
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tions. A broad estimation of cost for 
the run-of-the-mill curbing job ranges 
from $200 to $700. Most holding tank 
installations with appurtenances range 
from $2,000 to $10,000. 


Summary 


Progress made in the past year 
covering cyanide disposal has been 
gratifying. Cyanide is used in 255 
plants, of which 215 have been in- 
spected. Up to June 1954 the Stream 
Pollution Control Board had approved 
existing and planned facilities at 194 
plants. No construction was necessary 
at 72 plants. Of the 122 plants where 
construction is necessary, 75 have com- 
pleted facilities; 20 more are under 
construction and the remaining 27 are 
in the planning stage. 

Construction and proper mainten- 
ance of facilities have already substan- 
tially reduced accidental discharges. 
In the first five months of 1954 there 
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were five reported occasions where ac- 
cidents involving cyanide solutions 
were averted by preventive installa- 
tions. 

The regulation has greatly improved 
working relations between industrial 
sewer users and sewage treatment plant 
operators. All concerned are now 
more aware of the problems of cya- 
nide disposal and their proper solu- 
tion. Several potentially dangerous 
situations have been revealed and cor- 
rected where large quantities of cya- 
nide solution existed upstream from 
publie water supply intakes. An idea 
of the potential is revealed when it is 
learned that a total of 450,000 gal. 
of cyanide solutions are scattered 
throughout the state. 

In conclusion, it cannot be over- 
emphasized that the Stream Pollution 
Control Board and the engineers of 
the State Board of Health have re- 
ceived splendid cooperation from in- 
dustry in bringing this phase of stream 
pollution abatement under control. 
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REVIEW OF METHODS FOR CYANIDE DETERMINA- 
TION IN SEWAGE * 


By DANIEL F. Krawczyk 


Associate Chemist, Buffalo Sewer Authority, Buffalo, N. Y. 


Cyanides are the unique combina- 
tion of an attached nitrogen and ear- 
bon atom with a free bond for another 
cyanide, a metallic, or a non-metallic 
type linkage. Organie compounds 
with a evanide type linkage are usually 
called nitriles or cyanogen compounds. 
Cyanides are not naturally occurring 
substances, but they can be obtained 
from fermentation of certain glucosides 
that oecur in bitter almonds, cherry 
laurel leaves, cherry kernels, and other 
products found in nature (1). 

The extremely poisonous qualities of 
hydrocyanie acid were known to the 
ancient Egyptians. However, it wasn’t 
until 1782 that the chemical ecomposi- 
tion of hydrocyanie acid was recog- 
nized. This chemical is still used by 
some penal institutions to carry out 
capital punishment sentences (1). 

Cyanides usually will not be found 
in sewage treatment plants as a result 
of some natural decomposition. If and 
when cyanides are detected in the raw 
sewage of a treatment plant, they are 
there as a result of some industrial 
waste discharge. Plating wastes, fumi- 
gation wastes, coke plant wastes, and 
some organic chemical wastes are pos- 
sible sources of ecyanides in raw sew- 
age. 

An abnormal 
demand of raw sewage may be the 
first indication of cyanide content. 
However, a high chlorine demand is 
not always caused by eyanides. Cya- 
nide that exists as hydrocyaniec acid 
will react with chlorine to form cyano- 


rise in the chlorine 
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York Sewage and Industrial Wastes Assn.; 
Syracuse, N. Y.; June 14-15, 1954. 


ven chloride, but the formation of 
cvanogen chloride is not a solution for 
the elimination of cyanides because 
this volatile substance is as toxie as 
hydroeyanic acid. 

Besides reacting with the chlorine, 
which should be used for disinfection 
and treatment, evanides may adversely 
affect digestion and secondary treat- 
ment facilities.. If large quantities of 
alkaline cyanide wastes are discharged 
to sewers, they are also a potential 
health hazard, especially to any sewer 
service crews working in the vicinity 
of the discharge. High concentrations 
of eyanides definitely have no place in 
the sewer system. 

The presence of cyanides in an ef- 
fluent discharge is of vital importance. 
A concentration of 0.1 p.p.m. cyanides 
is known to be toxic to some species of 
fish. Thus, every sewage treatment 
plant operator should have some idea 
of the concentration of eyanides leav- 
ing the plant (2). 


Methods of Determination 


Analytical methods for the determi- 
nation of eyanides are not new, for 
they have been available from the very 
infaney of modern chemistry. How- 
ever, good accurate methods that are 
capable of detecting a concentration of 
0.1 p.p.m. are few. 

The Liebig titration perhaps is the 
oldest quantitative method for the de- 
termination of eyanides (1). This 
procedure involves the titration of the 
eyanide radical in an alkaline solution 
with a known concentration of silver 
nitrate solution. The silver ion will 
react with the cyanide to form a com- 
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plex silver cyanide salt which is solu- 
ble in alkali. When all the cyanide is 
complexed, then addition of excess 
titrant will cause the precipitation of 
the simple silver cyanide. The first 
formation of the precipitate is the end 
point of the titration. This method re- 
quires preliminary treatment of the 
sample to eliminate turbidity so that 
the first opalescence indicating the end 
point may be readily observed. In- 
vestigators have proposed the use of an 
internal indicator, para-dimethyl- ami- 
nobenzylidene-rhodanin, which changes 
color when an excess of a heavy metal 
(such as silver) is present (3). 

In using the Liebig method a known 
amount of sewage is acidified with a 
non-volatile acid and about two-thirds 
of the sample is distilled over into a 
measured amount of 2 per cent caustic 
with the distillate discharging below 
the liquid level in the receiver. The 
eyanides determined in this manner 
are the so-called free cyanides, which 
would exert a chlorine demand, and 
also the greater portion of the com- 
plexed cyanides. The Liebig method 
ean be used for concentrations from 
0.1 p.p.m. and up if extreme caution 
is used in all phases of the analysis. 

Fasken (4) has recommended the 
thiocyanate method for the determina- 
tion of cyanides in water. The analy- 
sis consists of reacting the cyanide with 
a sulfide to form a thiocyanate, with 
subsequent conversion of the thiocya- 
nate in the presence of ferric ion to 
a red-colored ferric thioevanate. In 
using this procedure for sewage the 
manipulations are time-consuming. 
With the proper analytical technique 
the Fasken method will give good re- 
producible results from 0.1 p.pm. and 
up. 

The reaction of a cyanogen halide 
with an aromatic amine and pyridine 
to produce colored products furnishes 
the basis for the analytical procedures 
to measure cyanide content proposed 
by two groups of investigators. The 
one method using pyridine and benzi- 
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dine was first advanced by Aldridge 
(5) and modified by Nusbaum and 
Skupeko (6). A second method em- 
ploys pyridine pyrazolone reagent and 
was first suggested by Epstein (7). 
The Nusbaum and Skupeko modifica- 
tion of Aldridge’s method permits de- 
termination of cyanide directly in the 
sample without distillation and extrac- 
tion of the colored product in buty] 
aleohol. All other methods advocate 
and emphasize the necessity of pre- 
treatment of the sample to remove 
colored, colloidal, and interfering sub- 
stances. 

Determining cyanide in sewage di- 
rectly is said to be objectionable for 
the following reasons: 


1. Sewage has suspended matter and 
colored material which will interfere 
with the observation of the colored 
end-products. 

2. Even though the sewage is fil- 
tered, colloidal and colored substances 
will still remain in the filtrate. 

3. When the sewage is filtered some 
of the cyanides may be lost because of 
the volatility of the hydrocyanie acid. 


Color may be developed directly in 
sewage with either the pyridine-ben- 
zidine or the  pyridine-pyrazolone 
method. However, if the sewage has 
inherent color the foregoing could 
serve only as a qualitative analysis. 
In order to effeet a quantitative de- 
termination in sewage, a sample should 
be filtered to remove suspended matter. 
One portion of the filtered sewage is 
chlorinated to a 0.1-p.p.m._ residual 
(ortho-tolidine) and made alkaline 
with caustic (pH 10 or above) to de- 
stroy the cyanides. To this first por- 
tion the reagents are added, as well as 
to a second portion merely chlorinated 
to a 0.1-p.p.m. residual. A comparison 
of the two portions (visually, colori- 
metrically, or photometrically) against 
standards prepared in the same man- 
ner will afford a measurement of the 
concentration of simple cyanide salts 
present. 
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One of the most effective ways to 
destroy cyanides is chlorination in al- 
kaline medium. Thus, if chlorine is 
added to obtain a residual and then 
sufficient alkali is introduced, cya- 
nides present will be destroyed. A 
sample treated in the preceding man- 
ner will provide a blank for compari- 
son purposes that will exclude all sub- 
stances tending to give false cyanide 
results. 

After studying the aforementioned 
methods for the determination of cya- 
nides in sewage, efforts of the labora- 
tory staff of the Buffalo Sewer Au- 
thority were directed towards revising 
the procedures with a view to reducing 
the time element and adopting a more 
rapid control analysis method. The de- 
tail as worked out for the three main 
types of analyses discussed is outlined 
in the following paragraphs. 


Liebig Titration Method 
Reagents 


Chlorine water—pass chlorine gas 
through water so that a solution of 
slightly more than 1 g. of chlorine per 
liter is produced (8). 

Ortho-tolidine reagent—Dissolve 1.35 
ortho-tolidine dihydrochloride in 
500 ml. distilled water. Add this solu- 
tion with constant stirring to 500 ml. 
dilute HCl, prepared by mixing 150 
ml. concentrated HCl] with 350 ml. dis- 
tilled water (8). 

p - Dimethyl - aminobenzylidene - rho- 
danin (indicator) solution—Dissolve 
0.02 g. of this reagent in 100 ml. ace- 
tone. 

Silver nitrate solution 0.0192 N— 
Dissolve 3.27 g. AgNO, in 1 1. distilled 
water. This reagent should be stand- 
ardized. 

Sodium hydroxide solution, 10 per 
cent—Dissolve 100 g. NaOH in 1 1. 
distilled water. 


Procedure 


Procure a composite sample of raw 


sewage. To at least a 200-ml. portion 
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add chlorine water until a 0.1-p.p.m. 
residual is obtained with O.T. reagent 
as indicated by spot plate test. Add 
2 ml. 10 per cent sodium hydroxide, 
agitate for a few seconds, and add 1] ml. 
indicator solution. Titrate the solu- 
tion with 0.0192 N silver nitrate solu- 
tion until there is a color change from 
yellow to salmon pink. With this 
titration as a blank, the milliliters of 
silver nitrate used should be desig- 
nated as B (blank). 

To another similar portion add 2 ml. 
of 10 per cent sodium hydroxide solu- 
tion and 1 ml. of indicator solution, 
and titrate with 0.0192 N silver ni- 
trate solution until the salmon pink 
coloration is of the same depth as 
attained with the blank titrations. 
The milliliters of silver nitrate used in 
this second titration should be noted 
as A. 


Calculations 


Conc. of cyanides, in p.p.m. 
A — B X 1,000 
Size of Sample 
As is readily noted, the Liebig 
method is strictly a titration method 
and does not require utilization of 
eolor standards or equipment, which 
may not be available in some treat- 
ment plants. 


Other Methods 


The next point of study uses the 
possibility of determining cyanide con- 
centrations colorimetrically without re- 
sorting to distillations, extraction, or 
some other manipulations. 

Filtrations of sewage samples ap- 
peared to be the only other alternative. 
However, ordinary filter paper will 
not eliminate colloidal turbidity and 
the filter paper may absorb some of 
the eyanides. Moreover, hydrocyanic 
acid is a very volatile liquid (boiling 
point 25.8° to 26.7° C.) Likewise, 
eyanogen chloride is a very volatile 
liquid (boiling point 12.5° to 13° C.) 
Thus, some of the cyanides may be lost 
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and the error magnified when a chlo- 
rinated sample is filtered. 

The benzidine-pyridine method can 
be used as a qualitative method. De- 
velopment of an orange coloration in 
100 ml. of sample will indicate the 
presence of at least 0.1 p.p.m. cyanides. 
For quantitative determinations the 
standards for visual or photometric 
comparison should be filtered before 
any chemicals are added. 


Benzidine-Pyridine Method 
Reagents 

Chlorine water—Prepare as in previ- 
ous method. 

Ortho-tolidine reagent—Prepare as 
in previous method. 

Sodium arsenite solution—Dissolve 
2 g. analytical reagent in 100 ml. dis- 
tilled water. 

Pyridine solution—Dissolve 25 g. 
pyridine in 75 ml. distilled water and 
acidify with 2 ml. concentrated hydro- 
ehlorie acid. 

Benzidine hydrochloride solution— 
Dissolve 2 g. analytical reagent in 100 
ml. distilled water. 

Pyridine-benzidine mixture—To 5 
ml. pyridine solution add 0.3 ml. ben- 
zidine hydrochloride solution, mix, and 
add to the sample immediately. 

Phosphorie acid, 10 per cent—Add 
100 g. phosphorie acid to 1 1. distilled 
water. 

Sodium hydroxide solution, 10 per 
cent—Prepare as in previous method. 


Procedure 


Filter sufficient sample so that 100 
ml. can be used for a blank and an- 
other 100 ml. for eolor development. 
To both portions add chlorine water to 
a 0.1-p.p.m. O.T. residual. To one por- 
tion add 2 ml. of 10 per cent sodium 
hydroxide solution, agitate for a few 
seconds, neutralize with 2 ml. of 10 
per cent phosphoric acid, and add 4 
drops of 10 per cent sodium arsenite 
solution. To this first portion add the 
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mixed (pyridine-benzidine) reagent 
and consider this as the blank. At the 
same time add 4 drops of sodium ar- 
senite solution and the mixed reagent 
to the second portion. Compare im- 
mediately the color of the second por- 
tion with the blank against the stand- 
ards visually, or photometrically at 
525 my., for the color fades rapidly. 


Pyridine-Pyrazolone Method 
Reagents 

Chlorine water—Prepare as in previ- 
ous method. 

Ortho-tolidine reagent—Prepare as 
in previous method. 

1-Phenyl-3-methyl-5-pyrazolone 
Prepare a saturated solution of pyraz- 
olone (solubility 0.5 g. per 100 ml. of 
water) by adding the reagent to dis- 
tilled water at 75° C. Cool the solu- 
tion and agitate occasionally while 
cooling. 

Pyridine—Reagent grade. 

3,3’ Dimethyl-1,1’ diphenyl-(4,4' bi-2 
pyrazoline)-5.5’ dione bis-pyrazolone— 
Eastman Kodak reagent grade No. 
6969. 

Mixed reagent—Mix 125 ml. of fil- 
tered saturated solution of pyrazolone 
with a filtered solution of 25 ml. pyri- 
dine containing 0.025 g. bis-pyrazolone. 

Phosphoric acid, 10 per cent—Pre- 
pared as in previous method. 

Sodium hydroxide solution, 10 per 
cent—Prepared as in previous method. 


Procedure 


Filter sufficient sample so that 50 
ml. can be used as a blank and another 
50-ml. portion for color development. 
To the two portions add chlorine wa- 
ter to a 0.1-p.p.m. O.T. residual. To 
one portion add 2 ml. of 10 per cent 
NaOH solution, stir for a few seconds, 
neutralize the acid with 2 ml. of 10 
per cent phosphoric acid, and con- 
sider this as the blank. To both por- 
tions add 5 ml. of mixed reagent and 
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allow 20 min. for full color develop- 
ment. After 20 min. compare the color 
developed in the sample with the 
blank against standards prepared in 
the same manner. Comparison can be 
made visually or photometrically. 
When using a photometer, a 620-mz. 
wave length is used for color compari- 
son. If the color developed is too deep 
for comparison, aliquot portions of 
sewage must be used. 
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Summary 


After reviewing the methods for de- 
termination of eyanides, modifications 
are suggested so that low concentra- 
tions of simple cyanide salts can be 
determined directly in sewage. The 
procedures described are for control 
purposes. To determine the total 
eyanide (that is, the simple cyanide 
salts and the metallic complexed salts) 
other procedures must be used. 
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1954 SHELLFISH SANITATION CONFERENCE 


Almost 100 representatives of fed- 
eral, state, and Canadian health and 
fisheries agencies and of the shellfish 
industry on September 9-10, 1954, at- 
tended the first national conference on 
shellfish sanitation in almost 30 years. 
The conference was called by the Sur- 
geon General of the U. S. Public Health 
Service to discuss problems of both do- 
mestic and international significance. 

On the domestic side, it was agreed 
unanimously that the voluntary co- 
operative federal-state-industry sanita- 
tion control program be continued, 
with certain technical changes, but es- 
sentially in its present form. Under 
this system the states assume primary 
responsibility for sanitation of shell- 
fish production and processing. The 
USPHS will continue to develop uni- 


form standards, and evaluate and en- 
dorse the state programs that meet its 
standards. 

Among the many factors brought 
into foeus at the meeting were those of 
pollution eontrol of waters used for 
shellfish propagation, new methods of 
merchandising, developments in new 
freezing methods, and location of re- 
packing and freezing plants. New 
freezing techniques give rise to the 
international problems as dollar-short 
countries with shellfish surpluses are 
eager to take advantage of these de- 
velopments to help stabilize their 
economies. Industry representatives, 
therefore, expressed the view that the 
same rigid controls that have been 
placed over domestic producers also 
should be applied to foreign producers. 
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DESIGN OF A CONTINUOUS AUTOMATIC SAMPLER 
FOR DEEP SEWERS 


By JEROME WILKENFELD 


Technical Supervisor, Hooker Electrochemical Company, Niagara Falls, N. Y. 


In the course of pollution abate- 
ment work at the Hooker Electrochemi- 
eal Company, Niagara Falls, N. Y., it 
became apparent that, in addition to 
the normal sampling of process ef- 
fluents, continuous sampling of efflu- 
ent streams on a 24-hr. basis would sup- 
ply additional valuable information on 
over-all conditions in the plant. Since 
the major proportion of the products 
produced at the plant are organic in 
nature, it was felt advisable to con- 
struct a sampler so that a 24-hr. com- 
posite sample could be collected of 
suitable size for extraction purposes, 
this sample to be collected directly in 
a bottle that could be handled in the 
laboratory without transferring. With 
this in mind a continuous automatic 
sampler was designed and installed on 
the main sewer leaving the plant. This 
sewer is located approximately 20-ft. 
below grade and has a relatively steady 
flow. 

The first sampler built attempted to 
use a positive displacement pump lo- 
cated above ground with a long suc- 
tion line extending down into the 
sewer. Pump life was extremely short, 
however, because even small amounts 
of suspended solids caused sufficient 
wear to reduce the pump suction be- 
low the required amount. Plastic 
pump parts failed due to absorption 
of trace amounts of organic solvents, 
which caused swelling. In addition, 
unless a pump received almost im- 
mediate attention when it lost its 
prime, the pump burned out due to 
running dry at the relatively high 
speeds required for operation. In all, 


three types of positive displacement 
pumps were tried. 

Collection of relatively small sam- 
ples at frequent intervals with a sys- 
tem of timers and valves also caused 
frequent shutdowns due to plugged 
valves and timer failures. 

With these limitations in mind, it 
was decided that a pump that would 
operate with a minimum suction lift 
and at a low speed would be most suit- 
able. At the same time, most of the 
pumping equipment must be kept out 
of the sewer, due to the hazards of 
sewer atmospheres. It was also felt that 
the sample collection itself should be 
carried out without the use of timers or 
valves and yet sample size and fre- 
quency had to be closely controlled. 


Sampler Description 


Such a sampler has been developed, 
and has been in operation since 1951 
with only minor modification. This 
sampler is reliable, rugged, and capa- 
ble of operating for long periods with 
a minimum of maintenance. Five of 
the samplers are now in use in the 
plant; four are considered semi-porta- 
ble and are moved to branch sewers 
as desired to assist in determining the 
quality of effluents in localized areas. 

The schematic layout of the sam- 
pling equipment is shown in Figure 1, 
the complete unit in Figure 2. The 
principal of operation consists of using 
a deep-well pump, with the cylinder 
located just above the water level, to 
pump a continuous stream of approxi- 
mately 5 g.p.m. of water from the 
sewer. This stream is piped over a 
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FIGURE 1.—Layout of sampling equipment. 


sampling tap, which is allowed to flow 
continuously to a drain cup. All wa- 
ter not taken as a sample is returned 
to the sewer through a drain line. 
Mounted adjacent to the sampling tap 
is a ¥%4-r.p.m., 110-v. motor carrying 
a 3-ce. glass sample cup pivoted from 
the top. In the course of the rotation, 
the cup passes through the falling 
stream of water and is then tripped by 
a rod, dumping the sample into a col- 
lection bottle. The deep-well pump 
used has a 6-in. stroke and is modified 
to use a two-leather differential plunger 
seal. The cylinder used is a brass- 
lined artesian well cylinder with 10-in. 
stroke and !%,-in. inside diameter. 
It should be noted that all piping is 


of 310 stainless steel and that the box 
containing the pump and sampler is 
mounted on a pedestal base to allow 
air circulation between the manhole 
cover and the equipment. This was 
done when it was found on previous 
types of samplers that flush mounting 
caused excessive corrosion due to mois- 
ture condensation from sewer breath- 
ing. An additional advantage is the 
accessibility of the well line coupling 
allowing disconnecting and removal of 
the well line without disturbing the 
pump and housing. 


Advantages of Sampler 


In effect, a portion of the sewage 
stream is brought above ground to the 
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sampler. The sampler can be further 
modified to handle other situations. 
The sample size is easily adjusted by 
changing the cup size, while the fre- 
quency of sampling is changed by use 
of a different speed motor. Should 
the collection of samples by periods be 
desired, a timer-actuated sampling 
table can be added. 

Unit described has the following ad- 
vantages : 


1. It is a slow-speed machine with 
no delicate timers or valves which are 
susceptible to fouling. 
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2. The construction of the pump and 
sampling mechanism allows satisfac- 
tory sampling of streams containing 
suspended solids or other miscellane- 
ous materials. 

3. The sample is rapidly delivered 
from the stream with little time lag, 
should this be advantageous (as in the 
ease where a record or control of pH 
is desired). This is done on one in- 


stallation in the plant, where the sam- 
pler is used for sampling purposes and 
for pH recording simultaneously. 

4. Maintenance on the equipment is 


FIGURE 2.—Method of housing and locating sampler on sewer. 
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low, with the pumping head requiring 
only occasional lubrication. The cylin- 
ders last upwards of three months, 
depending on the location and the type 
of sewage handled. On occasion, when 
feed lines have been blocked, the 
pumps have run dry for periods of 
more than 18 hr. without any apparent 
injury. Several sampling motors have 


been in service for over a year without 
any repairs being required. 
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In general, it has been found that 
this type of sampling equipment is not 
only adaptable to many types of sam- 
pling problems, but also is ideally 
suited for sampling from deep sewers 
or other relatively inaccessible loca- 


tions. The ability to handle streams 
containing solids without plugging, to- 
gether with the mechanical reliability, 
make this a suitable sampler where 
operation with a minimum of attention 
is desirable. 


SHELTERED HARBOR POLLUTION FROM SMALL BOATS 


Pollution from cabin cruisers and 
other pleasure craft when moored in 
small sheltered harbors is a matter of 
concern to public health officials from 
the standpoints of both human health 
and shellfish propagation according to 
a recent paper. The paper, by William 
T. Ingram and Alexander Diachishin, 
was presented at a recent meeting of 
the American Society of Civil Engi- 
neers in Atlantie City, N. J. 

A study during the 1953 yachting 
season showed that waste from pleasure 
boats using a sheltered harbor polluted 
the waters above the requirement set 
for safe culture of such shellfish as 
clams. In addition, bathing in water 
adjacent to craft in a sheltered harbor 


is aesthetically undesirable and may be 
hazardous to individuals. Poorest wa- 
ter conditions were found during the 
low ebbing tide. Such factors as 
depth, tidal movement, boating activ- 
ity, position of craft with respect to 
bathing areas and shellfish beds, air 
temperature, wind direction and ve- 
locity, weather, water temperature, and 
presence of floating solids were con- 
sidered. 

The investigation was sponsored by 
the Research Division, College of En- 
gineering, New York University, and 
the Interstate Sanitation Commission. 
The New York State Conservation De- 
partment cooperated in the necessary 
sampling. 
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Stream Pollution 


ANALYSIS OF A STREAM’S CAPACITY FOR ASSIMI- 
LATING POLLUTION—A DISCUSSION 


By R. Camp 


Camp, Dresser and McKee, Consulting Engineers, Boston, Mass. 


The paper on ‘‘Analysis of a 
Stream’s Capacity for Assimilating 
Pollution,’’ by M. A. Churchill (1), 
is a milestone in the development of 
sanitary engineering practice for the 
control of pollution. In the writer’s 
opinion this contribution is no less 
valuable than the original work of 
Streeter and Phelps relating to the 
oxygen balance in streams. 

The principal obstacle to the ra- 
tional determination of allowable pol- 
lution loads by the pollution control 
agencies has been the difficulty and 
expense of measuring in the field the 
time of flow of a stream between suc- 
cessive sampling stations. In order to 
evaluate the so-called deoxygenation 
constant, k,, the reaeration constant, 
k,, and the bottom deposit constant, 
k,, for any reach of a stream, it is 
necessary to know the time of flow 
for one or more rates of discharge. 
It is routine practice for most pollu- 
tion control agencies to determine the 
water temperature, the D.O., and the 
B.O.D. of grab samples collected peri- 
odically from established sampling 
stations; and the rate of discharge at 
the time of sampling can usually be 
estimated from the records of nearby 
gaging stations. It is rare indeed, 
however, for the control agencies to de- 
termine the time of flow between sam- 
pling stations. The Churchill method 
permits the evaluation of allowable 
pollution loads from the data nor- 
mally obtained by the pollution con- 


trol agencies without any knowledge 
of the time of flow between stations. 

The key to the Churchill method is 
the plotting of dissolved oxygen re- 
gression lines for each sampling sta- 
tion. In these graphs the drop in dis- 
solved oxygen between the sampling 
station above pollution and the one 
under consideration is plotted against 
the B.O.D. load of the stream per unit 
of discharge at the sampling station 
under consideration. If the data used 
for the regression lines are carefully 
selected as to temperature so that the 
family of curves represents a rela- 
tively narrow water temperature range, 
the oxygen regression lines represent 
the result of all the reaction rates 
within the temperature range con- 
sidered. The writer believes that the 
regression lines are more reliable than 
the reaction rate constants determined 
from the same data, particularly if 
statistical methods are used for the 
regression lines, as was the ease in Mr. 
Churchill’s example. One of the varia- 
bles, time, is automatically included 
without the necessity of its having 
been measured. Thus the error in- 
volved in the measurement of the time 
of flow is eliminated. Since the dis- 
solved oxygen regression lines for each 
station have been plotted throughout 
the range of discharge rates occurring 
in the stream at the times of sampling, 
the regression lines may be used as 
basic data for the plotting of dissolved 
oxygen profiles for various rates of 
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discharge with normal loading or for 
various pollution loads for minimum 
stream flows, as has been illustrated by 
the author. The allowable pollution 
loads may be established directly from 
the water quality standards and the 
dissolved oxygen profiles. 

An approach to the Churchill 
method was developed by LeBosquet 
and Tsivoglou (2). These authors 
plotted the critical dissolved oxygen 
content in the Cincinnati pool of the 
Ohio River against the rate of dis- 
charge of the river. In utilizing this 
graph it was assumed that the pollu- 
tion load was constant, in which case 
a reduction in pollution load would 
produce the same increase in critical 
dissolved oxygen content as would be 
produced by an equivalent increase in 
the rate of river discharge. The Le- 
Bosquet-Tsivoglou method is much 
simpler than the Churchill method, but 
it takes no account of residual up- 
stream pollution or of the variation in 
D.O. content upstream from the point 
of pollution under consideration. The 
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critical dissolved oxygen used in the 
plotting reflects variable pollution 
loads within the pool, variable residual 
pollution upstream from the pool, and 
variable dissolved oxygen content up- 
stream from the pool. Failure to take 
account of these variables is apt to re- 
sult in large errors in computing al- 
lowable pollution loads. The Churchill 
method is free from these sources of 
error. 

The writer hopes that the Churchill 
method will be widely publicized to 
the end that it may be adopted gen- 
erally in the routine work of the pollu- 
tion control agencies. The polluting 
municipality or industry is entitled to 
know the amount of pollution which 
will be permitted; it must know its 
allowable pollution load in order to 
arrive at a rational and economical de- 
sign of its pollution abatement works. 
The pollution control agencies are now 
in a position to furnish this informa- 
tion to the polluters with relatively 
little effort and expense. 
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THE OPERATOR’S CORNER 


ConpucTEep BY HerBert P. ORLAND 


CARD RECORD SYSTEMS FOR PREVENTIVE 
MAINTENANCE * 


I. Introduction 


By Joun T. NorGaarp 


Civil Engineer, Brown and Caldwell, Consulting Engineers, San Francisco, Calif. 


In any preventive maintenance pro- 
gram, whether in a small or large treat- 
ment plant, systematic organizing, 
scheduling, and recording of the work 
is necessary if the program is to suc- 
eeed. One such system, which origi- 
nated in public water utility practice 
and was adopted for water and sew- 
age works by the U. S. Army and Air 
Force, has recently been described by 
Sanders (1). Application of this sys- 
tem in civilian practice by the Min- 
neapolis-St. Paul Sanitary District (2) 
and at three plants of the Hampton 
Roads Sanitation District (3) also have 
been recently diseussed. The purpose 
of this symposium is to describe briefly 
the simplicity of the preventive main- 
tenance record system for water and 
sewage works prescribed in U. 8. Army 
manuals (4) (5), and to demonstrate 
its adaptability to large as well as small 
sewage works. A further purpose is to 
describe improvements to the card 
forms, including edge-punched cards, 
used to schedule and record each step 
in a maintenance program. 

Of several modifications of the card 
record system employed at municipal 


* Presented at 26th Annual Convention, 
California Sewage and Industrial Wastes 
Assn.; Sacramento, Calif.; May 5-8, 1954. 


sewage treatment plants, edge-punched 
cards offer advantages for all but the 
smallest installations. Such cards 
make possible rapid sorting into any 
grouping desired and the selection of 
individual ecards, even though filed 
without regard to order. 

For those not familiar with this 
type of record system, a hand-sorted 
punched card has one or more rows 
of holes prepunched along each edge, 
while the face and back of the card 
are used for a written record of the 
desired data. Each hole or combina- 
tion of holes along the edges is as- 
signed a specific meaning. To desig- 
nate, for example, a semiannual serv- 
ice, the paper between the edge of the 
eard and the hole marked ‘‘semi- 
annual’’ is removed with a _ hand 
punch, thus forming a notch. To select 
this card from a pack of cards, and 
all others calling for a semiannual 
service, the pack is aligned in a ver- 
tical position with the desired hole in 
the upper edge. As indicated in Fig- 
ure 1, a needle similar to an ice pick 
is then passed through the hole. Upon 
fanning out the pack and lifting it 
with the needle, all cards notched in 
the selected position drop from the 
pack, while those not notched remain 
suspended from the needle. 
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FIGURE 1.—Principle of edge-punched 
card record system for maintenance pro- 
grams. 


Other papers of this symposium de- 
scribe ways in which edge-punched 
eards are used to facilitate the pre- 
ventive maintenance program at two 
moderately-sized sewage treatment 
plants. At large plants, having a more 
complex preventive maintenance pro- 
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gram with respect both to number and 
variety of equipment and to super- 
vision of the work, further coding 
would undoubtedly prove advantage- 
ous. For example, coding each card 
for the grade of lubricant required for 
the equipment it serves would enable 
a rapid check on the total number of 
grades and an estimation of the quan- 
tity of each grade needed annually. 
For those interested in exploring the 
possibilities of edge-punched ecard rece- 
ord systems, reference is made to the 
volume on this subject edited by Casey 
and Perry (7). 

Although this symposium is di- 
rected primarily to preventive mainte- 
nance in sewage treatment plants, the 
card record applies equally well to out- 
lying pumping stations, interceptors, 
and outfall works. Wherever a rou- 
tine program of sewer inspection, 
cleaning, and repair is practiced, as 
it is in a growing number of cities, 
the eard record also may be used ad- 
vantageously in the collection system 
maintenance program. 


II. Application of Edge-Punched Cards at Santa Rosa 


By Murray B. McKINNIE 


Superintendent, Sewage Treatment Plant, Santa Rosa, Calif. 


The Santa Rosa sewage treatment 
plant is not unique in having numer- 
ous pieces of mechanical equipment 
that are in constant need of preventive 
maintenance. The plant is designed 
for a flow of 5 m.g.d. and consists of 
pre-aeration and sedimentation fol- 
lowed by trickling filters, secondary 
sedimentation, and ponds. Pumping 
and air production is by gas engine. 

The system of preventive mainte- 
nance records uses punched cards 5 in. 
by 8 in. in size. These cards are in 
most respects the same as those shown 
in the Army Training Manual (4), 
each card being set up, as far as possi- 
ble, according to the manual. In order 


to number each piece of equipment 
the plant was divided into areas, with 
each area assigned a number in the 
100 series. As an example, all the pri- 
mary sedimentation and pre-aeration 
equipment is in the 200 series. In each 
area there were sufficient numbers 
available so that all equipment could 
have individual numbers. The only 
pieces of equipment that do not have 
individual cards are the valves; al- 
though each valve has a number, each 
type of valve is on one card with the 
total number of valves of this type 
noted on the card. 

A description of how these cards 
are coded and used will in all prob- 
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FIGURE 2.—Front of typical edge-punched card for preventive maintenance record 
on equipment. 


ability help operators who would like 
to set up such a system. Figure 2 
shows a typical card from the card 
file. Figure 3 shows a portion of the 
reverse side of this card as filled out 
by the operators. Some of the plant 
equipment is not as listed in the 
manual and the cards are adapted to 
an hourly frequency of maintenance. 

From Figure 2 it can be seen that 
the holes on the top and right-hand 
edges are used almost exclusively. 
After naming and numbering the 
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FIGURE 3.—Portion of reverse of typi- 
cal edge-punched card for preventive main- 
tenance record on equipment. 


pieces of equipment the various items 
of work to be done are listed on the 
ecard. Along with each item of work 
is an item number, reference number, 
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FIGURE 4.—Method of punching 
equipment number (304). 
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— OF MONTH 


and frequency. In most cases these 
figures refer to the Army Manual (4). 
The time column on the right of the 
card is filled in with each area, as far 
as possible, having work done on a 


that comes up. When all the cards 
have been made up and have been 
checked, the equipment numbers are 
punched out on the right-hand edge 
(Figure 4). The holes along the top 
edge are then punched according to 
the coding (Figure 5). To show the 
adaptability of these cards it was 
found after the cards were printed 
that it was necessary to indicate the 
week days as well as the week of the 
month on the ecard. The holes on the 
extreme right of the top edge were 
used for the week days while the top 
four holes on the left-hand edge were 
used for the week of the month. 
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FIGURE 5.—Use of code to show week of month, frequency, month, assignment, and 
day of week. 


With this system it is easy to locate 
the card for a certain piece of equip- 
ment and then to know what to do on 
this equipment. When filled in on the 
reverse side by the operator or who- 


different day of the week. Thisspreads ever does the work, a record is ob- 
the work out sufficiently so the opera- tained that can show which equipment 
tors are able to do most of the work takes the most maintenance and _ re- 


pairs. 

It is not possible to remember each 
and every grease fitting of all the 
equipment and it is especially hard to 
remember how often the equipment 
should be serviced. Usually the fitting 
in the inaecessible place is the one 
that is neglected and it isn’t long be- 
fore a breakdown occurs because of 
lack of grease or oil. Some means to 
tell when and what should be done 
on each piece of equipment is a neces- 
sity for proper operation of a sewage 
treatment plant. The system described 
is about as simple a one as there is for 
a small plant. 


: alam III. Application of Edge-Punched Cards at Menlo Park 


By Warren R. UnTE 
Office Engineer and Chief Operator, 


Menlo Park Sanitary District, Menlo Park, Calif. 


The Menlo Park Sanitary District’s 
sewage treatment plant was put into 
operation in November 1952. It is a 
primary treatment plant with a design 


capacity at average flow of 4 m.g.d. 
The plant includes a large automatic 
pumping station, some 4,000 ft. of 24- 
in. foree main, automatic bar screen, 
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automatic grit removal channel, pre- 
treatment tanks with mechanical aera- 
tion and scum removal, rectangular 
sedimentation tanks with both longi- 
tudinal and cross collectors, two di- 
gesters capable of operating either 
in one- or two-stage digestion and 
equipped with external heating and 
recirculation, and a complete chlorina- 
tion system with provisions for both 
pre-chlorination and _ post-chlorination. 
The plant is operated 16 hr. a day 7 
days a week with a crew of four plus 
a part-time laborer. The three plant 
operators work regular shifts, so ar- 
ranged that on Wednesdays there are 
two operators on duty during the day. 

Soon after the plant was placed in 
operation it became apparent that 
some special form of schedule was 
needed for routine lubricating, in- 
specting, and checking. Although a 
daily schedule had been posted, work 
which did not fall into the everyday 
category received only hit-and-miss 
attention, resulting most commonly in 
over-lubrication and the drying up of 
the water seal on the digester’s float- 
ing cover combination flame trap and 
pressure reliefs. simple, easily 
adaptable system for scheduling pre- 
ventive maintenance had to be found 
for everyday use in the plant. 

A copy of the card used at the Santa 
Rosa plant was obtained, together with 
a brief description of its method of 
use. 

Using the sample Santa Rosa card as 
our only guide, the steps necessary for 
carrying out a similar system at Menlo 
Park were found to e as follows: 


1. Setting up a numbered file for 
the whole plant. 

2. Listing all equipment and struc- 
tural units with their required type 
of preventive maintenance. 

3. Setting up the actual scheduling 
of the work required. 

4. Procuring and printing the cards. 

5. Putting the system into opera- 
tion. 
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Establishment of a numbered file 
for the whole plant seemed at first to 
be a formidable task, but proved sur- 
prisingly simple when finally at- 
tempted. By following the direction 
of flow through the plant and num- 
bering the major structural divisions 
consecutively, the numbered file fell 
into place easily. For example, all 
pumping station items are in the 1,000 
group, foree main 2,000, inlet works 
3,000, pre-treatment tanks 4,000, sedi- 
mentation tanks and control building 
5,000, chlorination system 6,000, water 
well and reservoir 7,000, operations 
building including boiler room 8,000, 
and digesters 9,000. These then are 
the master numbers under which all 
equipment and structural maintenance 
information for each division is filed. 
Four-digit numbers were chosen be- 
cause of necessary sub-divisions of 
main units, and also because they gave 
added room for growth of the filing 
system. This allowance for sub-divi- 
sions has proved especially useful in 
the case of the operations building, 
where the laboratory, garage, boiler 
room, and others all have their own 
file number series, while the require- 
ments of constant additions of new 
equipment under different master num- 
bers has been easily met by just using 
the left-over numbers of the series. 
An up-to-date listing of all file num- 
bers for the complete plant is kept on 
the main office desk, where it is easily 
available for quick reference. All 
manufacturers’ data and other in- 
formation are kept in office files under 
the file number listed for the equip- 
ment. Through quick reference to the 
master listing, any operator can quickly 
pull from the files all the available in- 
formation on any desired equipment 
or structural unit. 

With the master numbers selected, 
it then became a task of finding the 
exact type of preventive maintenance 
required by covering each structure 
individually and listing each equip- 
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Operations Building—Downstairs—Air Compressor 8250 
8 2 50 


. Clean and re-grease electric motor—Lub. No. 5 8250 
. Check oil level—Lub. No. 9 8251 
Drain compressor and receiver 8252 
Check V-belt tension 8253 
Check compressor’s electric controls 8254 
. Check operation of pressure gage 8255 
. Check operation of air solenoid valve 8256 
. Check operation of all valves and valve packing 8257 
. Change oil and refill—Lub. No. 9 8258 
. Dismantle and clean air solenoid valve 8259 


Sub-File Number 
Completion Time 


FIGURE 6.—Typical preliminary work sheet for preparing equipment maintenance card. 


ment unit found to be needing some actual maintenance work to be done. 
type of care. Next, each unit was First, all the preventive maintenance 
analyzed and a list made of the re- tasks were grouped by frequency—that 
quired maintenance work, how often is, weekly, monthly, ete. Next, an 
it was needed, how it should be aec- hourly schedule was made out for the 
complished, and approximately how entire work week, with due considera- 
long it should take to complete. Fig- tion being given to the time required 
ure 6 is a typical listing. Where pos- for routine daily chores, such as the 
sible, reference was made to the manu- grinding of sereenings, washing down, 
facturer’s literature accompanying the ete.; whether the work required day- 
equipment or structural unit regard- light; and the location of the work. 
ing its maintenance, and in many cases The various jobs were equally spread 
more information was requested. It between shifts and days, using the esti- 
should be mentioned that the manu- mated completion times as a guide. 
facturers were happy to cooperate with Mondays and Wednesdays were left as 
this request, being equally anxious to free as possible, on the assumption 
see their equipment properly main- that Mondays would receive the burden 
tained. When no positive information of any trouble befalling the plant on 
as to frequency and methods was avail- weekends, and Wednesdays should be 
able, the best possible assumptions left for major jobs because of the 
were made, with the reservation that presence of an extra operator during 
if time proved otherwise, the cards the day shift. Both of these assump- 
could be amended accordingly. Where tions have proved valid. The weekly 
lubrication was required, the type of cleanup tasks were assigned to Satur- 
lubricant was listed by code number’ day and Sunday to avoid disturbance 
and the information later transferred of daily routine. 
to the finished card. After the weekly work had been as- 
With all the unit data carefully signed, a similar sheet was laid out to 
recorded, the next step was to select assign all monthly jobs. For the quar- 
and assign the specific times for the  terly, semi-annual, and annual work, 
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the free Wednesdays and Mondays 
were then divided up and assigned. 
Mondays were still favored, in that the 
routine checking and inspection was 
scheduled, rather than the more time- 
consuming cleaning, lubricating, and 
overhauling. At no time during this 
distribution of work was the lack of 
available time a major problem. In 
fact, it was amazing just how much 
free time was available once the sys- 
tem was in complete operation. 

The purchase and printing of the 
cards was the easiest step of all. A 
box of 1,000 5- by 8-in. ecards with 
*go-in. holes punched around the pe- 
riphery was obtained from a local of- 
fice supply store at a cost of $22.40. 
A local printer printed 500 of them for 
$18.54. Actually, it would have proved 
more economical to have had the en- 
tire amount printed at once, for many 
of the second 500 are already in use. 

With the work assigned, and the 
information available on each phase 
of actual maintenance work required, 
the last step was to put the complete 
system into operation. Once all the 
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information had been transferred to 
a card, each card was individually cut 
out to meet its assigned day and shift, 
keeping separate cards both by equip- 
ment and structural units, and by the 
frequency of the required maintenance 
work. A sample card similar to the 
one shown in Figure 7 was placed on 
top of the main office desk, with ad- 
joining instructions as to its operation 
and how the daily assigned cards were 
to be pulled (Figure 8). After only 
a week of ‘‘growing pains,’’ use of the 
punch card system became a routine 
operation. It quickly became appar- 
ent, however, that if they were treated 
like work sheets the cards would soon 
be lost or mutilated, and two safe- 
guards were adopted for their protec- 
tion. First, a complete set of duplicate 
cards was made and filed at the main 
District Office, away from the plant. 
Secondly, each operator was instructed 
that the cards were not to leave the 
office. 

As in the other systems described, 
the operator, upon completion of the 
assigned work, fills in the date, item of 


MENLO PARK SANITARY DISTRICT 
INSPECTION AND SERVICE RECORD — SEWAGE TREATMENT PLANT 


Equipment Speressons - Downstairs -Air Compressor No. 


ORK TO BE DONE 
1. | Check O12 Level - Lub. Mo. 9 


REF. 
8251 


| 
_ 2. | Drain Compressor & Receiver 


8252 


3. | Check V Belt Tension 


8253 


_| Check Compressor's Electric Controls 


825% 


for Proper Operation 


MACHINERY FILE NUMBER 


7 4 


sr 7 4 


FIGURE 7.—Sample card for illustrative example (see Figure 8). 
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November, 1954 
HOW TO FIND WORK ASSIGNMENT FOR THE DAY 
(See Figure 7 for Sample Card) 
Example Date: Friday, May 7, 1954; 
7 am-3 PM Shift; Operator on Duty 
Place Pick Through | Disposition of Cards That 
Hole | Area Remain on Pick | Fall Out 

1 F Week days Return to File To step 2! 

2 Ww Frequency | Tostep 3 To pile 1 (step 6)?.* 

3 M Frequency | Tostep 4 To pile 2 (step 5) 

i M Month | Return to file To pile 2 (step 5)* 

5 l Week of month | Return to file To pile 1 (step 6)5-° 

6 7-3 Shift Work on 3-11 shift Work on 7-3 shift 

7 1 Assignment’ Work by operator 


| 
Sort for further assignment | 


' These cards have work scheduled on Friday. 

* These cards have work scheduled on Friday every week. 

3 These cards have work scheduled on Friday on monthly schedule. 

* These cards have work scheduled on Friday during May. 

5 These cards have work scheduled on the first Friday in May. 

6 These cards have work scheduled on May 7, 1954. 

7 Assignment code: 
1—Operator on duty. 
2—Assistant or Chief Operator. 
3—Electrician. 


$—Special. 
5—Extra help required. 


HOW TO FIND CARD BY FILE NUMBER 


Example Number: 8250 (see Figure 7) 


Place Pick Through Disposition of Cards That 
Step 
Number | Area Remain on Pick Fall Out 
A 7 1 Return to file To step B 
B 1 | Return to file To step C 
Cc 2 2 Return to file To step D 
D SF' 2 Return to file To step E 
F 4 3 Return to file To step F 
F ] 3 Return to file To step G 
G 0 { Return to file 8250 series 


' Denotes “single figure.” 


FIGURE 8.—Instructions for finding daily work assignment and cards pertaining to any 
Reeser piece of equipment. 


work done and his initials on the re- 
verse side of the ecard. If something 
other than the normal routine is en- 
countered, a note is made on the card 
and the ecard is placed on top of the 
office desk under ‘‘Items Needing At- 


same file. In case of unexpected 
breakdowns or failures, reference to 
the back of the card or ecards for that 
particular equipment or structural unit 
will bring the operator up to date on 


tention.’’ If, for any reason, a card 
cannot be satisfactorily completed on 
the day it is scheduled, it also is placed 
on top of the office desk under the 


the care it has been receiving, and will 
possibly produce clues to the cause of 
the trouble. 


One important difference will be 


noted in the Menlo Park ecard as com- 


: 
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pared with the Santa Rosa ecard. 
Whereas at Santa Rosa only one eard 
is used for each equipment or struc- 
tural unit, at Menlo Park anywhere 
from one to five cards are used, depend- 
ing on the different frequencies of the 
maintenance work required by that 
unit. When setting up the system we 
had no guide, and therefore felt that 
each card should be a unit in itself; 
that is, when a ecard was selected, all 
the work listed should be required to 
be done at that specific time. This, of 
course, required much more work in 
placing the data on extra ecards, but 
that has been compensated for by the 
smoothness of the operation when once 
set up. Some needless back trackine 
has resulted, due to monthly or quar- 
terly work overlapping weekly chores, 
but as this is noted the scheduling of 
the work is changed to avoid recur- 
rence. The main advantage to our 
system is that each operator, with just 
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a flick of an ice pick, may quickly and 
easily find the work assigned for his 
shift on any particular day, whereas 
with only one card per equipment or 
structural unit, the process is slowed 
up considerably. 

The object of this paper has been 
to show the simplicity and ease with 
which the punch ecard preventive 
maintenance system can be set up and 
put into daily operation. The im- 
portance of preventive maintenance 
has long been established, but hitherto 
the dating, scheduling, and pertinent 
information has been elusive and un- 
reliable, depending mainly on _ the 
memory of the operator and the ac- 
curacy of the filing system. The punch 
card system has eliminated all doubt, 
delay, and unnecessary burden from 
preventive maintenance, which has now 
become an easy, clear-cut, everyday 
routine. 


IV. Application of a Modified System at a Small Plant 


By MELVIN J. WISE 


Assistant Sanitary Engineer, Bureau of Sanitary Engineering, State Department of 
Public Health, Sacramento, Calif. 


Built in 1948 for the Army as a gen- 
eral hospital and acquired by the state 
in 1946, the DeWitt State Hospital is 
now one of the major institutions 
operated by the California Department 
of Mental Hygiene. The average popu- 
lation is about 3,600, of which 3,000 
are patients. At the hospital the card 
record system for preventive mainte- 
nance is used in modified form for the 
sewage system and also for the fol- 
lowing additional facilities: 

1. A water filtration and pumping 
plant. 

2. A swimming pool employing re- 
circulation of chemically treated and 
filtered water. 

3. An oil-fired incinerator having 
provisions for can washing with hot 
water. 


The raw surface water is derived 
from high Sierra sources and is treated 
by coagulation, filtration, and chlori- 
nation. Sewage also receives complete 
treatment in a biological high-rate fil- 
tration type plant. Plant effluent re- 
ceives additional treatment through 
long detention by lagooning and chlo- 
rination. 

The ecard record system was_ in- 
augurated at DeWitt in 1945, under 
the direction of Army engineers. Un- 
fortunately. practically all of these 
records were transferred to Army 
headquarters when the hospital was 
deactivated in the spring of 1946. 

When DeWitt was again activated 
(in late 1946, by the State of Cali- 
fornia), a new series of cards was set 
up. Beeause no printed forms were 
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available at the time, ordinary ruled 
by dS-in. cards were used. How 
ever, the Army method of providing 
a ecard for each piece of equipment, 
valve, pump, ete., was not followed, 
nor was the edge-punch selection sys- 
tem, as described elsewhere in this 
symposium, employed. By consolidat- 
ing and grouping the cards under al- 
phabetic arrangements, the original 
number recommended by the Army 
was reduced by about 25 per cent. 
This resulted in a compact inventory 
of all of the more important pieces 
of equipment and other miscellaneous 
items, including storage reservoirs and 
tanks, upon which routine maintenance 
was performed. 

The face of each card was devoted to 
such deseriptive information and other 
important data as the following: 


Line 1—Name and location of equip 
ment or structure. 

Line 2—Name of manufacturer, sup- 
plier, or builder. 

Line 3—Approximate cost and date 
of installation. 

Line +—Type, style, ete. 

Line 5—Capacity, size, rating, etc. 

Line 6—Serial and eode numbers 
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Line 7—Nature and frequency of 
maintenance. 

Line *——-Proper lubricants, paints, 
ete. 


The backs of the eards were used in 
the same manner as the regular serv- 
iee records, as previously described. 
This simplified system is adequate at 
small plants, particularly where all 
operation and maintenance is under 
the direction of one supervisor, and 
where record keeping is a task he him- 
self must develop and perform. The 
degree of maintenance to be accom 
plished is naturally limited to the man 
hours available and the funds allotted 
to the program. Moreover, the cards 
provide an easy reference when re- 
placement parts are needed, but dupli- 
cation of periodic service on certain 
items and use of improper lubricants 
is avoided. The ecard system also is 
extremely helpful in effeetively ‘‘break- 
ing in?” new maintenance and operat- 
ing personnel in a minimum of time, 
preventing abuse of equipment as well 
as sudden equipment failure, and pro- 
viding an accurate repair and replace- 
ment reeord for budget purposes. 


V. Application at the East Bay Plant 


By Evmer E. Ross 


Superintendent, Sewage Treatment Plant, Special District No. 1, East Bay 
Municipal Utility District, Oakland, Calif. 


The necessity for and the applica- 
tion of the card record system in 
maintenance programs at small and 
medium sized plants have been de- 
scribed in the previous sections. This 
section describes how it has been ap- 
plied at the East Bay sewage treat- 
ment plant, to illustrate its applica- 
tion at larger plants. 

The East Bay plant was designed, 
constructed, and is operated by Special 
District No. 1 of the East Bay Munici- 
pal Utility District. It serves the cities 


of Alameda, Albany, Berkeley, Emery- 
ville, Oakland, and Piedmont, and 
comprises approximately 21 mi. of in- 
tercepting sewers, 13 pumping stations, 
and a treatment plant designed to give 
primary treatment to an average dry- 


weather sewage flow of 128 m.g.d. 
and to handle a maximum intercepted 
rate of 291 mid. The treatment 


provided consists of prechlorination, 
coarse screening, grit removal, sedi- 
mentation, and sludge digestion. Di- 
vested sludge is discharged with the 
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plant effluent into the deep waters of 
San Francisco Bay through an outfall 
sewer approximately 3 mi. long, the 
last mile of which lies on the floor of 
the bay. 

The two largest pumping stations are 
located at the treatment plant, one to 
lift the sewage from the interceptor 
system to the treatment process, and 
the other to pump the plant effluent 
through the outfall sewer when, due 
to high rates of flow and high tides, 
its gravity flow capacity is exceeded. 

A total of 41 employees is neces- 
sary to operate and maintain the treat 
ment plant, pumping stations, and in- 
terceptor system. These are organ- 
ized in two operating sections and a 
maintenance section, each supervised 
by a foreman. One of the operating 
sections operates the 11 lift stations 
on the intereeptor system, the influent 
and effluent pumping stations, and the 
pretreatment works at the treatment 
plant. The other operates the sedi- 


mentation and digestion systems and 
the sanitary landfill used for sereen- 


ines and grit disposal. The personnel 
assigned to each of these operating 
sections are divided into shifts, which 
are rotated every 12 weeks. The 
maintenance section is composed of a 
repairman, an electrician, and a crew 
of helpers. This section is responsi- 
ble for the overhaul and repair of 
plant equipment, the maintenance of 
grounds and structures, and preventive 
maintenance that is beyond the eapa- 
bilities of the operating sections. 

The size of the staff, the periodic 
rotation of operating shifts, and the 
quantity and variety of equipment at 
larger plants, such as this, make a 
system for scheduling and controlling 
maintenance particularly essential. 

At the time the present maintenance 
program was instituted, several sys- 
tems then in use were considered, in- 
cluding one recommended by a lead- 
ing equipment manufacturer, another 
by a firm specializing in setting up 
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record control systems, and the sys- 
tem developed and used by the Army. 
A modified version of this latter sys- 
tem was finally adopted, because it 
was considered to be the simplest and 
most workable of those considered. As 
previously described, it consists basic- 
ally of a record card containing space 
for listing and reporting the required 
inspection and service for each piece 
of equipment, and a manual contain- 
ing the necessary instructions for per- 
forming the work. 

The method of application differs 
somewhat from that described in the 
previous sections, however, because of 
the necessity for decentralizing opera- 
tions and of having a separate mainte- 
nance section. 


Record Card 


The maintenance reeord card used 
is a modified form of the eard used by 
the Army. <A single card is made out 
for each piece of equipment required 
to be serviced, such as pumping unit, 
motor generator set, compressor, ete. 
On the upper part of the face of the 
card are entered all of the name-plate 
data for the unit and the shift to which 
it is assigned for maintenanee. The 
remainder of this side of the ecard lists 
the work that is to be performed, the 
location in the maintenance manual 
that contains the instructions for doing 
the work, the frequeney, and the day 
of the week or the month when the 
service is due. The reverse side of the 
ecard is used to record the work done 
and the date and initials of the person 
doing it. 

Edge-punched cards are not used at 
the East Bay plant. Instead, the ecards 
for all equipment assigned to a shift 
for maintenance are filed in three-ring 
loose-leaf binders in the order of de- 
scending frequency, beginning with 
those requiring daily or weekly en- 
tries. A card containing several fre- 
quencies is filed in the section corre- 


sponding to the highest frequeney. 
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Thus, a card containing daily, quar- 
terly, and annual entries is filed in the 
daily section, ete. Cards containing 
entries other than daily or weekly are 
flagged with metal tabs positioned to 
indicate the month the service is to be 
performed. When the entry is com- 
pleted, the tab is shifted to the next 
month during which service is_ re- 
quired, 


Maintenance Manual 


A maintenance manual containing 
complete instructions for servicing all 
assigned equipment is kept by each of 
the operating sections for use with the 
card files. The first part of each sec- 
tion’s manual is the same and describes 
the methods and procedures to be fol- 
lowed in performing standard mainte- 
nance services, such as routine inspee- 
tion and lubrication. The instructions 
therein pertain to servicing a_ class 
of equipment (for example, electric 
motors) rather than any specific unit. 
Its principal value in addition to 
standardizing methods is to assist in 
training new personnel, it being rarely 
used by the older employees. 

The remainder of the manual is dif- 
ferent in each section. Here are as- 
sembled and indexed the detailed 
operating and maintenance instruc- 
tions and parts lists regularly fur- 
nished by the manufacturer for each 
piece of equipment assigned to the 
particular section. 

These manuals contain all available 
information on the plant equipment 
and are always available to both oper- 
ating and maintenance personnel. 
Thus, they not only serve as reference 
material for the maintenance record 
eards, but also are used by mainte- 
nance personnel when trouble shoot- 
ing and when ordering parts. 


Scheduling and Assignment of Work 


Scheduling and assignment of work 
is done by the foreman of each of the 
operating sections, who is charged with 
the responsibility of seeing that all 
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equipment operated by his section is 
inspected and serviced at the specified 
intervals. These intervals were origi- 
nally established after consulting the 
manufacturer and weighing the fol- 
lowing factors: 


1. The importance of the particular 
piece of equipment. 

2. The type of service required. 

3. The cost of replacement. 

4. The number of hours of opera- 
tion during the interval. These in- 
tervals are periodically reviewed in the 
light of past operating experience and 
adjusted accordingly. 


In general, the routine service, lu- 
brication, and inspection not requiring 
disassembly are performed by the 
operating personnel. The periodic in- 
spections that involve disassembly of 
a unit or require special tools are per- 
formed by the maintenance section. 

The maintenance work performed by 
the operating section is divided among 
the three daily shifts, each shift being 
responsible for servicing certain pieces 
of equipment. 


The System in Operation 


In operation, the system works as 
follows. The shift operator daily con- 
sults the binder containing all of the 
cards assigned to his shift and per- 
forms the required inspection and serv- 
ice. This usually involves no more 
than looking at the unit, listening to 
it operate, checking the bearing tem- 
peratures by placing his hand on the 
housings, and making the entry on the 
ecard. This usually takes about 1 hr. 
He then consults the section containing 
the ecards listing work to be done at 
less frequent intervals and performs 
as much of this work as the operating 
routine will permit on that particular 
day. 

Inspection and service by the 
maintenance section is performed upon 
receipt of a work order initiated by 
the operator having custody of the ecard 
for that piece of equipment and ap- 
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proved by the section head and plant 
superintendent. When the mainte- 
nance section has completed the work, 
the work order is returned to the oper- 
ating section, where the proper entry 
is made on the card. The work order 
is then destroyed. In this way, paper 
work is kept to a minimum and the 
need for a duplicate file of cards is 
eliminated. 

The card files for each shift are 
inspected by the section foreman 
monthly. In addition, they are in- 
spected two weeks before each shift 
change to see that the work is being 
performed as scheduled and the work 
load is properly distributed. 


Summary 


This system has proven to be simple 
and easy to use, and has thus far pre- 
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vented equipment neglect. It has been 
of invaluable assistance in keeping the 
plant in efficient operating condition 
and controlling repair costs; trouble 
is often detected and corrected before 
expensive major breakdowns occur. 
The data recorded on the cards also 
furnish an operating history which is 
useful in substantiating the need for 
redesign or replacement of inefficient 
or unsuitable equipment and in stock- 
ing repair parts. 

During the 2% years the system has 
been in operation its use has been ex- 
tended to inelude the servicing and in- 
spection of such items as fire extin- 
zuishers, switchboards, power lawn 
mowers and other portable equipment, 
tide gates, and sewage diversion and 
overflow structures on the interceptor 
system. 
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New Britain, Conn. 


By Joun R. Szymanskt, Superintendent 


July 2--A very important meeting of 
the Commission was held today. Be- 
cause the problem of improving our 
receiving stream demands action, a 
suggestion and proposal to construct 
an 8-mi. conduit for the purpose of 
conveying our effluent directly to the 
Connecticut River is being considered 
seriously. 

July 14—Received a request from a 
St. Louis physician inquiring about 
the effects the local water fluoridation 


program has on our sewage treatment 
process. To date no apparent effects 
have been noticed. 

July 15—The long-awaited 500-c.f.m. 
air blower replacement arrived this 
morning. The old blower had just run 
itself out and was beyond economical 
repairs. 

July 16—Notwithstanding safety 
checks by the Labor Department’s rep- 
resentatives and our plant personnel, 
a tragic accident almost occurred 
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when the brake on the freight elevator 
just didn’t hold. It seems some mois- 
ture got into the wrong place. 

August 12—Excitement aplenty to 
day. A body was found on property 
adjoining the plant site. It 
that some bandits robbed and shot an 
innocent Displaced Person and dumped 
the body during the early hours of 
last night. This happens to be murder 
No. 3 within the past five years. 
August 14—Summer schedules are 
hindering our established paint and 
maintenance program. Usually, when 
the 48-hr. work week was in effect, 
even though vacations were being en- 
joyed by some employees, a eood deal 
of outside work was completed; how- 
ever, with the 40-hr. week and ex- 
tended holidays, it is becoming diffi- 
cult to plan any extra summer work. 
The Commission sat in session today 
with a special aldermanic group re- 
garding the proposed conduit to the 
Connecticut River. No definite action 
resulted. 

September 8—The new blower was 
placed in operation and immediate im- 
provements in aeration were noted. 
September 10—As a result of the semi- 
annual inspection of our boiler and 
heating system, the insurance company 
warns that replacement of the boiler 
may be necessary in the near future. 
September 22—Great day! The City 
Hall really went up in flames during 
the evening, with extensive damage 
done to the offices of most municipal 
departments. 

October 2—This was the day of the 
quarterly plant inspection by the Com- 
mission. Just as in the Army when 
top brass arrives, everything was spick 
and span and drew praise for plant 
personnel. 

October 9—Contacts made regarding 
replacement parts for the remaining 
old blower proved useless. It seems 
that another company bought out the 
original manufacturer, but never fab- 
ricated any replacement parts—hence, 
no luck, no parts, and no replacements. 
October 10—Received an odd inquiry 


seems 
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from an industrial plant below our 
plant asking if we had changed our 
method of treatment. Upon investiga- 
tion it turned out that layers of froth 
were appearing in the effluent receiv- 
ing stream and accumulating at the 
dam near the downstream plant. No 
harm done; however, a further study 
of this condition is to be made. 
October 14—-Hard at work justifying 
our request for a higher compensation 
bracket for all of the sewage plant em- 
ployees. The Civil Service Commis- 
sion has promised a further review on 
this matter (see THis JouRNAL, 25, 2. 
226; Feb., 1953). 

October 21—After years of search for 
an odor-killer to combat the odors of 
raw sludge, we believe we have found 
something that is good, Cifon N.Y.— 


it isn’t very expensive, either. More 
on this in a later ‘‘Log.”’ 
October 31—Usual fall operations. 


Nothing demanding extra attention; 
therefore, your ‘‘Logger’’ found time 
to complete the vacuum filtration ques- 
tionnaire received a few days ago 
These requests seem at first to have 
only nuisance value, but they can be 
used to good advantage by the person 
filling them out. In the first place. 
they make him review and assess his 
own operation; and the composite of 
experience from several plants may 
lead to improvements impossible of de- 
velopment from one plant alone. 
November 13—The Sewage Disposal 
Commission met with the special alder- 
manie committee regarding plant and 
stream improvements. No definite ac- 
tion was taken, although further study 
was indicated. 


November 20-——<All incinerator heat- 
and pressure-recording instruments 
were given their usual semi-annual 


check and servicing by a company rep- 
resentative. 

December 5—The years roll fast; the 
day was spent in setting up the budget 
estimates for the next fiscal year. 
December 17—The waste heat boiler 
developed some leaks. After necessary 
repairs were made it was decided to 
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vather information on its replacement. 
Accordingly, various heat equipment 
manufacturers were contacted. 
December 25-—-Merry Xmas! The 
plant is being serviced by skeleton 
crews on an idling basis—the show 
must go on. 

January 1—Happy New Year! These 
holidays are welcomed, but they place 
too much of a strain on equipment. 
This is especially true of the primary 
tanks, where we must store our sludge 
while the plant is on an idling basis. 
January 6—More excitement! The 
Berlin, Conn., bank was held up at 
high noon today, with about $25,000 
being taken by a lone bandit. The 
area surrounding the plant is alive 
with investigating police, both local 
and state. 

January 14 —A publie hearing regard- 
ing a new outfall discharge into the 
Connecticut River was held by the 
State Water Commission at the State 
Office Building. No objectors were 
there, hence the city of New Britain 
may proceed with plans to direct its 
effluent into the Connecticut River at 
a point in Cromwell. 
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January 22—The State Police spent 
some time at the plant making in- 
quiries concerning the recent bank 
hold-up in Berlin—just looking for in- 
formation. 
February 4—Because of the location 
of the new incinerator plant, to be 
built soon, it will be possible to pro- 
vide heating facilities to eliminate the 
old waste heat boiler, and to connect 
the new incinerator stack to the mul- 
tiple hearth furnace at the sewage 
plant. This latter arrangement will 
eliminate the existing stack and cor- 
rect a smoke problem. The proximity 
of the new and existing facilities will 
make feasible a common parking area, 
thus conserving much-needed space. 
The revolving safety committee, 
composed of the assistant superin- 
tendent and the day-shift operator. 
continued its diligent observations on 
safety matters pertaining to plant op- 
erations. The worth of this committee 
and the entire safety program is the 
best recommendation possible for 
adoption of such a scheme (see THis 
JouRNAL, 25, 7, 850; July, 1953) in 
other plants. 


CAUSE AND CONTROL OF DETERGENT FROTHING 
—A REVIEW * 


By BenN MartIn 


Bureau of Engineering, Department of Public Works, City and County of 
San Francisco, Calif. 


Causes of Frothing 


Frothing on the aeration units at 
San Francisco’s activated sludge plant 
in Golden Gate Park was a fairly com- 
mon occurrence from the onset of 
operation in 1932, long before de- 
tergents were used to any appreciable 
extent. This frothing was concomitant 
with a low concentration of suspended 
solids in the mixed liquor, and could 

* Presented at 26th Annual Convention, 
California Sewage and Industrial Wastes 
Assn.; Sacramento, Calif.; May 5-8, 1954. 


be and was controlled by increasing 
the concentration of those _ solids. 
Frothing always occurred when the 
plant was put into operation after a 
shutdown period. At such time as 
frothing did occur, it was at its height 
whenever the flow was interrupted or 
during periods of low flow. The froth- 
ing would begin midway between the 
inlet and outlet ends of the aeration 
tanks and build up toward both ends, 
but with a greater tendency toward 
the outlet end. 
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These and other observations are in 


substantial agreement with reports 
published in recent years. In 1941 in 
New York, under conditions which 


were apparently reproducible, froth- 
ing would occur when aeration tank 
solids were low for that plant. It has 
been noted that a transitory frothing 
phase occurred whenever mechanical 
aeration plants were put into opera- 
tion; this frothing also was controlled 
as the solids concentration increased. 
Elsewhere a high dissolved oxygen 
content has been found coincident with 
frothing, and the appearance of the 
froth has seemed to follow a distinetive 
pattern (1) (2). 

There is little doubt that what can 
be described as normal frothing, or 
frothing which occurred before de- 
tergents were in widespread use, oc- 
curred whenever mixed liquor solids 
were low or at some variance with the 
optimum for the plant. 

It is probable that in any second- 
ary treatment process there are always 
surface-active substances being pro- 
duced as a result of biological degrada- 
tion by enzymes or bacteria. These 
substances, when free and available in 
sufficient concentration, cause froth- 
ing. These higher levels of concentra- 
tion of naturally occurring surfactants 
may be established when they are pro- 
duced either at a more rapid rate than 
that at which they are being adsorbed, 
or when there is not sufficient surface 
area afforded by the solids present for 
their adsorption. 

The amount of surfactant adsorbed 
by any surface is roughly proportional 
to the amount of surface, and although 
all water-insoluble substances will pre- 
ferentially adsorb these surface-active 
molecules, the amount adsorbed will 
change depending on the amount of 
surface, its nature, the temperature, 
the surfactant concentration, and the 
pH of the solution (3). The free 
molecules which are unattached are 
able to migrate to the air-water inter- 
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face, where they can operate in the 
formation of froth (4). 

A re-examination of the conditions 
under which frothing occurred in the 
past will indicate that it could occur 
only if surface-active substances were 
being produced naturally. 

Frothing at any given plant always 
occurred below a certain range of 
solids concentration, and only under 
unique conditions above that range. 
When frothing did occur, it appeared 
first at the effluent end of the aeration 
tanks. Since this was reproducible it 
can be assumed that at that point a 
sufficiently high concentration of free 
and available surface-active molecules 
had been reached; that is, under the 
particular set of conditions which ex- 
isted apart from solids concentration, 
a maximum of adsorption had taken 
place and the excess was attracted to 
the air-water interface. 

Since frothing occurred during an 
interruption in the flow, or during a 
low flow, it becomes reasonable to as- 
sume that either the rate of produc- 
tion inereased or that again the maxi- 
mum of adsorption had been reached 
so that, in any ease, the excess affected 
the surface tension at the air-water in- 
terface. 

Frothing has also oceurred in the 
effluent miles removed from the plant 
and aeration tanks. The only possi- 
ble explanation of these phenomena is 
in terms of such an hypothesis, which is 
predicated by the formation and ex- 
istence of surface-active substances. 

In 1953, for the first time, the pro- 
duetion of synthetic detergents ex- 
ceeded soap output in volume (5). 
The implications of this technological 
change may be summed up simply by 
stating that the most desirable factors 
in detergents may cause the most un- 
desired effects in sewage treatment. 

Most detergents are stable com- 
pounds and “‘their properties will per- 
sist long after the detergent solution 
is discarded under conditions of ex- 
treme dilution, changes in pH, oxida- 
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tion, and the digestion of microorgan- 
isms’’ (6). ‘‘It is thought that these 
surface-active agents do not form 
permanent chemical combinations in 
their applications, and that they are 
not generally destroyed in these ap- 
pliecations’’ (7). 

This paper proposes to show that the 
mechanism of surfactant behavior, as 
it applies to both the synthetic surface- 
active agent, and the substance pro- 
duced as a result of biological degrada- 
tion, can provide an explanation for 
the frothing which occurs under oper- 
ating conditions that formerly seemed 
adequate for control. 

Only on the face of it has a good 
case been made by Wells and Scherer 
(8) and by Gowdy (9) in establishing 
the fact that no direct relationship ex- 
ists between frothing and the increased 
use of detergents. Gowdy (9) points 
out that the surface-active agents com- 
monly used in detergents, when pres- 
ent in sufficient quantity, will froth 
immediately under the conditions of 
use. 

This did not occur at either of two 
plants, where extensive and carefully 
controlled work was done with the ad- 
dition of high concentrations of syn- 
thetie detergents at the influent end of 
the aeration tanks. It may be assumed. 
therefore, that the concentrations used 
were either not high enough, although 
they were three and four times that 
which might oceur normally. or that. 
in fact, no direct relationship exists. 

The preferential adsorption of these 
surface-active substances by solids (4) 
almost assures that no frothing is pos- 
sible if sufficient solids are present, or 
until the maximum limits of adsorption 
by the surface area afforded by those 
solids is reached and exceeded. There 
doubtless exists for any sewage and at 
any plant some ratio of detergent con- 
centration to surface area afforded by 
the solids in that sewage, at which 
frothing does not and cannot occur at 
the influent end of the aeration tanks. 

That ratio, however, must change as 


DETERGENT FROTHING 


1415 


the flow proceeds toward the effluent 
end, since the activated sludge process 
operates to remove solids from the 
liquid mass. Although the weight of 
the solids in the tank at any instant 
does not change appreciably, the sur- 
face area of those solids diminishes as 
a result of the adsorption and ag- 
glomeration which occurs when the re- 
turn activated sludge is added to the 
incoming flow. 

The mechanism of deterging or wash- 
ing is nothing more than the forma- 
tion of an emulsion. Such emulsions 
may be either stable or unstable. 
There would be no problem of froth- 
ing if the emulsions formed were all 
stable; neither might there be any 
treatment, because theoretically a sta- 
ble emulsion would solubilize or sus- 
pend all substances not normally solu- 
ble in water. 

It follows then, that whatever the 
conditions of use, enough of those emul- 
sions formed are unstable and break 
The 


down on dilution in the sewage. 
rate of this breakdown and the de- 


sorption (10) which follows is in- 
ereased under the conditions of the 
mechanical action of aeration, which 
at the same time is decreasing the sur- 
face area of the solids available for 
adsorption. The surfactant molecules 
which become free as a consequence 
may then be adsorbed at the air-water 
interface. 

If this second hypothesis is correct, 
the frothing should become more evi- 
dent as any increment approaches the 
effluent end. Moreover, unless there is 
some removal from the aeration tank 
solids of these surface-active sub- 
stances, either in solution, which is pos- 
sible in low concentration, or adsorp- 
tion at the air-water interface, the 
maximum limits of adsorption by the 
surface area afforded by any concen- 
tration of solids, however high, would 
be reached as those solids were re- 
eyeled. From that moment frothing 
would be continuous in that system. 

There is evidence which indicates 
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that removal of surface-active sub- 
stances from mixed liquor solids does 
take place. Keefer (11) shows this in 
data obtained at the Back River Works 
in Baltimore where the concentration 
of surface-active substances in the ef- 
fluent from an activated sludge 
tling tank is higher than the concentra- 
tion in the effluent from the activated 
sludge aeration tank. 

Some relationship must exist, there- 
fore, between the surface area of the 
solids present, the volume of the liquid 
and the surfactant 
tion, adsorbed, or free and available 
at the surface or in solution. It is 
this relationship that establishes the 
conditions for frothing in the system. 

It would appear that secondary 
treatment processes utilizing aeration 
are adversely affected by surface-active 
substances which are (a) formed in the 
secondary treatment process as a re- 
sult of biological degradation and (b) 
already present in the sewage and 
made free and available as a result of 
certain physical interactions which oc- 
cur in the secondary treatment process. 
The cumulative effect of these com- 
ponents causes frothing under certain 
conditions of operation which form- 
erly were adequate for control. 


set- 


mass, coneentra- 


Control of Frothing 


The control of frothing, wherever 
possible, is best achieved in terms of 
its causal factors. There is for any 
plant some level of concentration of 
mixed liquor solids or surface area 
afforded by those solids at which froth- 
ing will be controlled. 

At Philadelphia’s Northeast plant, 
600 to 800 


p.p.m. were sufficient to 
eliminate frothing (12). This was 
about the level maintained at the 


Bryan, Ohio, plant to control froth- 
ing there (9). Some frothing has oc- 
curred at the Nassau County (N. Y.) 
plant with 2,000 p.p.m. of solids in 
the mixed liquor (13). The plant at 
San Antonio, Tex., normally holds to 
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a concentration of about 3,000 p.p.m., 
with froth appearing when the solids 
fall below 1,400 p.p.m. (8). 

Enough data are available to prove 
quite conclusively that the mixed 
liquor solids concentration is critical 
in froth formation. This will bring no 
relief to those plants that must oper- 
ate with low mixed liquor solids  be- 
eause of modifications or by 
aeration limitations (14) 
For some of these, another aspect of 
control by a eausal factor 
possible. 

The addition of settled sewage in 
increments along the course of flow 
through the aeration tanks has been 
found quite effective. Wherever the 
settled sewage is added, the froth dis- 
appears (1). 

This technique maintains control by 
keeping the surface area of the solids 
at a sufficiently high level so that the 
preferential adsorption of the free and 
available surface-active molecules by 
these solids will lower the concentra- 
tion at the air-water interface. At the 
Gruppen plant in Germany (15) in- 
stead of feeding the settled sewage at 
isolated points in the aeration tanks, 
V-notch weirs similar to those used in 
settling basins were installed. The 
sewage flows through the notches into 
the aerator along its entire length. 
This type of distribution has been 
found more effective than increment 
feeding, since the aeration tank is af- 
fected over its whole length, and the 
frothing is controlled over almost the 
entire area. 


process 
reason of 


may be 


Defrothing 


Wherever control in terms of the 
cause and effect relationship is not pos- 
sible, the only recourse is to defroth- 
ing. The simplest defrothing is a me- 
chanical breakdown by water spray, 
using plant effluent. This can be quite 
effective with an efficient spray pat- 
tern. At Los Angeles (16) a flat spray 
pattern covering 180° and impinging 
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on the water surface in the direction of 
roll, as close to the concrete face as 
possible, proved effective in the aera- 
tion tanks. The nozzles are mounted 
at 7-ft. centers and deliver 2.4 g.p.m. 
at 10 p.s.i. The froth builds differ- 
ently in the effluent channel and a flat 
spray pattern covering 90° is used 
there. 

For the whole system, with a total 
of 9,600 ft. of spray, 4,000 g.p.m. at 
about 15 p.s.i. are used, This is in 
agreement with Greeley (13) who in- 
dicates that 15 to 20 g.p.m. per m.g. 
of flow, or 0.25 to 0.50 g.p.m. per foot 
of aeration tank has been used for 
mechanical breakdown. 

Chemical defrothing or anti-foaming 
agents are used to reduce, eliminate, or 
inhibit frothing when the use of water 
sprays alone is not sufficient to main- 
tain control. These substances may 


be added either to the spray water, 
as is done at Los Angeles and the 26th 
Ward plant in New York City, or 


applied to the return sludge or mul- 
tiple points on the aeration tanks, as 
is done at the other three New York 
City plants (17). At the Los Angeles 
Hyperion plant the defrothing agent 
is diluted with a suitable solvent and 
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injected with a proportioning pump 
into the section of the spray system 
where and when it is needed. 

The absence of any relationship be- 
tween the surface tension of a chemi- 
cal compound and its ability as a froth 
inhibitor has led Garber (16), at the 
Hyperion plant, to develop a testing 
technique for evaluating the effective- 
ness of these compounds; since the 
best defrothing agent may not be the 
one which is most effective at the low- 
est concentration. More than 50 such 
defoamants have been examined. Gar- 
ber (16) also has found that an in- 
hibitor successfully applied at one 
plant may fail at another. 

During the worst frothing condition, 
about 0.6 lb. per m.g. of flow is used. 
This represents a chemical cost of $0.09 
per m.g. Costs will doubtless vary 
from plant to plant. Estimates found 
in recent literature range from $0.50 to 
$1.00 per m.g. of sewage treated (18). 

Although detergents may be formu- 
lated for use without frothing, the com- 
mon household standard for good 
cleansing action is suds or froth. It 
is not likely, therefore, that the time is 
at hand when a non-frothing compound 
will be generally aecepted (18). 
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TIPS AND QUIPS 


Scum Control 
on Open Digester 


When the 15-in. thick dry scum on 
an open-cover digester became a choice 
breeding ground for flies, one enter- 
prising operator broke up the scum 
with a portable pump and some 2-in. 
hose. Once the initial seum break-up 
proved effective, according to the Au- 
gust 1954 issue of The Overflow, it 
became impractical to continue the 
break-up by this means because the 
pump had to be hoisted by block and 
tackle 22 ft. to the control house roof. 
This difficulty was overcome, however, 
by breaking up the thinner scum pe- 
riodically (about every three weeks) 
with a long-handled paddle. 


Cork Insulation Tape 


A new cork insulation tape said to 
be especially developed as an insulat- 
ing material for cold lines and where- 
ever the problem of condensation is 
encountered, also is claimed to be an 
effective sound deadening barrier and 
gasketing material. According to the 
manufacturer, Dennis Chemical Co., 
2701 Papin St., St. Louis 3, Mo., the 
tape has excellent adhesion to itself 
and all types of surfaces. 


First Oregon Short School 


An attendance of 63 persons, repre- 
senting 42 systems, got the Oregon 
Sewage Plant Operators Short School 
Program off to a good start when the 


Kirst Annual Short School was held 
at Corvallis, Ore., on April 28-30, 
1954. The program is jointly spon- 
sored and conducted by Oregon State 
College and the Oregon State Board 
of Health. 


“Trouble Savers” 


Preventive maintenance and easy lo- 
cation of trouble are the subjects of a 
series of ‘‘Trouble Savers’’ now avail- 
able from the Worthington Corp., Har- 
rison, N. J. Graphically illustrated, 
the easily filed and readily readable 
bulletins currently available cover air- 
cooled and water-cooled air compres- 
sors (PC-306), pumps (PC-305), 
vertical water-cooled air compressors 

L-676—MI), and V-belt drives (V- 
1400-M39). 


Fly Control 


Growing resistance of house flies, 
often nuisances around a sewage treat- 


ment plant, to DDT has resulted in 
development of a baiting method for 
vetting flies to feed on insecticides 
containing Lindane. Diluted corn 
syrup is used as the bait, with the 
insecticide dissolved directly in the 
bait solution. Flies feeding on the 
poisoned bait die in 1 to 5 min., al- 
though maximum fly reduction is 


claimed to be noted 4 to 6 hr. after 
application. 

Details of the baiting fly control 
method and dosages of insecticides to 
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use may be obtained from California 
Spray-Chemical Corp., Richmond, 
Calif. 


Fish Suffocated by 
Lack of Oxygen 


Suffocation apparently caused the 
death of thousands of fish found float- 
ing on the surface of Chesapeake Bay 
over the Labor Day weekend (Sep- 
tember 4—6, 1954), according to marine 
experts. Engineers reported that an 
upwelling of water containing very 
little oxygen had caused the fish to 
suffocate. Recent hurricane winds 
were blamed for the upwelling. 


The Case of the Loose 
Valve Shaft Coupling 


When operation of the manual valve 
stand failed to open the sludge with- 
drawal line valve at the Plainville, 
(‘onn., sewage treatment plant, the 
operator faced an unpleasant job. 
Under the circumstances there was 
nothing to do but draw the tank down, 
make the repair, and get the tank back 
in operation as quickly as_ possible. 
That, however, did not eliminate the 
possibility of the same disruption oc- 
curring again. What had happened 
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FIGURE 1.—Two ae of preventing 
“loss” of loose valve stem coupling. 
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was that the pin in the shaft extension 
coupling had broken and the set screw 
had loosened—the coupling simply slid 
down on the stem as far as it could go. 

To forestall a reoccurrence, Operator 
Theodore E. Fanion not only restored 
the coupling, with a new shear pin and 
set screw, but also installed a collar 
with two set screws (Figure 1) to pre- 
vent the coupling from sliding down 
on the shaft. He also suggests that the 
coupling could be prevented from slip- 
ping down by putting a piece of pipe 
of the correct length over the valve 
stem as a spacer. 


Information Needed About 
Municipal Sewer Ordinances 


The Federation's Manual of Practice 
No. 3 on ‘‘Municipal Sewer Ordi- 
nances’’ seems to be an exceptionally 
popular publication with those in- 
volved in drawing up and administer- 
ing such regulations. This is attested 
to by the fact that nearly 8,000 copies 
have been distributed, which is barely 
exceeded by only one other manual. 
Of this number, 2,700 copies have been 
sold, many to city managers, city at- 
torneys, city engineers, and other high- 
ranking municipal officials. 

Despite the knowledge that the man- 
ial is going to people having great in- 
terest in its content and recommenda- 
tions, there is no direct way of knowing 
to what extent the manual has been 
used in drawing up or revising new or 
existing sewer ordinances. 

Managers, superintendents, and op- 
erators can help in finding out, how- 
ever, if they will drop a post card to 
‘*The Corner’’ wherever it is known 
that Manual No. 3 was used either 
directly or indirectly in developing or 
revising the sewer ordinance presently 
in force. Such post cards should be 
addressed to: The Operator’s Corner, 
Sewaye and Industrial Wastes, 325 
Illinois Building, Champaign, II1., and 
give a brief statement of any positive 
knowledge of use of the manual. 
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Reviews and Abstracts’ 


Experiments on the Microbiology of Cellu- 
lose Decomposition in a Municipal 
Sewage Plant. By Leroy R. Makt1. 


Antonie Van Leewvenhoek, 20, 185 
(1954). 
The study concerns itself with the 


anaerobic decomposition of cellulose. It 
was found that of the total organic matter 
in raw sludge obtained from a domestic 
sewage, nearly one-half was cellulose. 
Cellulolytic bacteria in sludge from a pri- 
mary digester counted by special culture 
medium ranged from 16,000 to 970,000 
per ml. Ten strains of cellulolytic bac- 
teria were isolated. The organisms could 
be separated into two groups with active 
and less active cellulolytic powers. The 
products of decomposition of cellulose by 
these organisms were hydrogen, carbon di- 
oxide, ethanol, formic, acetic, and lactic 
acids. By adding to the medium more 
cellulose than could be fermented, it was 
possible to demonstrate the production of 
glucose as an intermediate product by the 
paper chromatographic method. A pure 
culture of the active cellulose-decomposing 
organism gave a rate of disappearance of 
cellulose of 0.026 per cent per day. The 
addition of a non-cellulolytic bacterium 
also isolated from sludge to active pure 
culture increased the rate of cellulose dis- 
appearance to 0.066 per cent perday. The 
rate of fermentation of cellulose by pure 
culture was not affected by the addition of 
acetate up to 5,000 p.p.m. 
H. HevukKELEKIAN 


Study of Trickling Filter Fungi. By 
C. W. Hasse.tine. Bull. of the Torrey 
Botanical Club, 80, 6, 507 (Nov., 1953). 
A study of the fungi occurring in trick- 

ling filters receiving antibiotic wastes from 

the Lederle plant was made over a year. 

Samples of stone from three different posi- 

tions in the bed were taken once a month 

and examined microscopically. Fungi 


were found to be a regular portion of the 
flora. Only three species of fungi were 
found regularly in large quantities, as 
follows: (a) Fusarium eptisphaeria, forming 
vellow-orange moist masses, imparting at 
times a dull reddish color to the stones, 
occurs in largest amounts in spring, sum- 
mer, and fall; (b) Oospora lactis, which is 
more abundant in winter months, appears 
as grayish mucus-like masses and is found 
both at the surface and some distance be- 
low in the bed; and (ce) Subbaromyces 
splendens, not found on the surface of the 
stones but occurring abundantly on the 
underside of the surface stones as well as 
deep down in the bed, occurs as blackish 
masses. A detailed description of this 
organism is given and it is claimed to be a 
new genus. H. HEUKELEKIAN 


Further Investigations of Concentration 
of Raw Sludge. By J. F. Lagoon. 
Proc. Amer. Soc. Civil Eng., 79, Separate 
No. 314 (Oct., 1953). 

Further operation of a pilot plant for 
concentration of raw sludge by flotation 
has shown improved results and has made 
it possible to try several methods of sludge 
handling. Return of subnatant liquor 
from the concentrator to the pre-aeration 
tank stimulates the production of gas and 
produces a sludge of increased total solids 
content. Pre-chlorination seemed to re- 
sult in a sludge slightly less dense. 

Laboratory filtration tests have shown 
that sludge concentrated without chemi- 
cals for 48 hr. can be handled by conven- 
tional methods and can be filtered on a 
filter leaf without the need for dilution, 
which was found necessary when filtering 
120-hr. concentrated sludge. 

Gravity drainage of sludge following the 
subnatant removal greatly increased the 
total solids concentration, but a more prac- 
tical method of doing this must be de- 
veloped. The beneficial effects obtained 


* Please send to Federation headquarters all periodicals, bulletins, special reports, ete., which 
might be suitable for abstracting in Tuts JouRNAL. 


Publications of public health departments, 


stream pollution control agencies, research organizations, and educational institutions are par- 


ticularly desired. 
325 Illinois Bldg., Champaign, III. 


Address such material: Federation of Sewage and Industrial Wastes Assns., 
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by increasing sludge temperatures were 
further proven. 

Several tables and graphs of data are 
ineluded. W. A. HasFuRTHER 


Sewage Aeration Practice in New York 
City. By R. H. Goutp. Proc. Amer. 
Soc. Civil Eng., 79, Separate No. 307 
(Oct., 1953). 

The three modifications of aeration that 
are used are described and operation re- 
sults are tabulated. In step aeration by 
distributing fresh feed throughout the 
tanks it is felt that air requirements are 
more uniformly spread and better air 
economy is obtained. The final tanks are 
designed and operated so that the acti- 
vated sludge is settled and returned to the 
aerator in 30 min. Sludge age is usually 
kept at about 3.5 days. 

The “modified aeration” or ‘‘high-rate 
activated sludge’ process provides an 
intermediate treatment. The pattern is 
like the conventional process, but the air 
use is cut to about 0.4 cu. ft. per gallon, the 
aeration period is reduced, and the sludge 
age is kept at 0.2 to 0.5 days. A dense 
final tank sludge is obtained. 

The “activated aeration’? process was 
devised for use ia parallel with step aera- 
tion. Waste from the “step’’ battery is 
introduced into the head of another battery 
and aerated there with sewage. Sludge 
from this battery and excess from the other 
isremoved. The tabulated results showed 
a better reduction than was obtained 
through the modified method. 

Comparative results for the step, modi- 
fied, and activated methods were, respec- 
tively: air used, 0.49 to 1.05, 0.33 to 0.55, 
and 0.19 cu. ft. per gallon; aeration period, 
2.4 to 4.7, 1.6 to 2.8, and 2.8 hr.; B.O.D. 
reduction, 87 to 95, 44 to 72, and 76 per 
cent. W. A. HasFURTHER 


Performance of Biofiltration Plants by 
Three Methods. By R. 8S. Rankin. 
Proc. Amer. Soc. Civil Eng., 79, Separate 
No. 336 (Nov., 1953). 

The author, using limitations prescribed 
by the ‘Tentative Standards 1951,” issued 
by the Upper Mississippi River and Great 
Lakes Boards of Public Health Engineers, 
for filters with recirculation, developed 
formulas for single- and two-stage units. 
He compares efficiencies computed by 
these formulas and those of the National 
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Research Oouncil and Velz with actual 
data from several operating plants. 

For single-stage units the Velz formula 
gave results closest to the actual, but be- 
cause it also gave close results and was 
easier to apply, the “Tentative Standards” 
method was considered preferable. The 
Velz method does not apply to two-stage 
filters, and checks by the other methods 
again show the “Tentative Standards” 
method to be preferable. 

There is also discussed an intermediate 
type of treatment using primary clarifica- 
tion with filter effluent recirculated to the 
primary tank inlet. Part of the settled 
effluent is then withdrawn as final effluent. 
This effluent can also be put onto another 
filter followed by a final clarifier. Operat- 
ing data are given for two plants of this 
latter type. W. A. HasrurTHER 


Industrial Waste Process Design. by 
W. W. Eckenreuper, Jr., ano D. J. 
O'Connor. Proc. Amer. Soc. Civil 
Eng., 80, Separate No. 411 (Feb., 1954). 
This paper contains a brief review of 

what information should be otained in an 
industrial waste survey and a discussion of 
the theoretical and practical application of 
such information. The use of data in de- 
sign is illustrated by flow sheets, graphs, 
and tables. 

In sedimentation the size of the particle 
and viscosity are important and the au- 
thors suggest a laboratory test to provide 
basic design data. They give examples 
covering investigation and design for 
settling tanks for two types of wastes. 

Design of biological systems is complex 
because of variances in the type of matter, 
rates of transformation, oxygen and nitro- 
gen utilization, and quantity of sludge pro- 
duced. The aerobic biological process and 
reaction covering auto-oxidation of sludge 
can be described by two equations: 


Organic matter + + NH; 
= Sludge + CO, + H,O 


and 


Sludge + CO.+H.2O+ NH; 


Generally the factors necessary to bal- 
ance these equations must be determined 


by laboratory or pilot-plant studies. How 
this can be done is explained in some detail 
and includes the use of graphs and curves 
that enable the designer to use the experi- 
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mental data for different conditions of 
loading or waste concentration. The dis- 
cussion covers activated sludge plant de- 
sign, but the principles are said to be 
equally applicable to the design of trickling 
filters. A bibliography of references on 
this subject is included. 
W. A. HasFURTHER 


Hyperion—The Los Angeles Sewage 
Treatment Plant. By F. L. Fuoop. 
Jour. Boston Soc. Civil Eng., 41, 164 
(1954). 

The author sketches briefly the history 
of the pollution of Santa Monica Bay by 
Los Angeles at Hyperion, which resulted 
in a report by Metcalf & Eddy in 1944 
and the construction of the Hyperion 
plant, which is designed to handle a flow of 
245 m.g.d. with a daily peak flow of 350 
m.g.d. and storm flows up to 420 m.g.d. 
At present (1954) the flow treated aver- 
ages 230 m.g.d. The plant comprises 
coarse bar screens (l-in. openings), dis- 
integrators, detritors (3 at 60 ft. square, 
5 ft. deep), covered pre-aeration units 
(30-min. period), and eight covered pri- 
mary settling tanks (1}-hr. period). 

Settled sewage is treated by high-rate 
aeration (3.3-hr. period, with small amount 
of return sludge) in 16 tank units, each 
with two channels 30.5 ft. wide by 300 ft. 
long, with 15-ft. water depth. Normal air 
supply is 0.7 cu. ft. per gal. of sewage, 
Mixed liquor is settled in 20 settling tanks, 
each 125 ft. long, 76 ft. wide, average 
water depth of 15 ft., detention period 2 
hr., surface loading 1,290 g.p.d. per square 
foot, and weir overflow of 10,410 g.p.d. 
per linear foot. Chlorine is applied to the 
raw sewage as it enters the rack building, 
to the settled sewage, and to the plant 
effluent discharge. Six chlorinators, each 
of 6,000-lb.-per-day capacity, give a total 
capacity of 36,000 lb. per day. 

The plant outfall consists of 12-ft. pipes, 
with dispersal at multiple outlets in 50-ft. 
depth about 1 mi. from shore. 

Excess activated sludge is returned to 
the sewage ahead of the pre-aeration tanks 
and is settled out with the primary sludge 
for pumping to 12 heated sludge digestion 
tanks (18 units, each 111 ft. diameter and 
sidewall depth of 30.5 ft.). Total digestion 
capacity is about 6,000,000 cu. ft. (about 
2 cu. ft. per capita.) 

Digested sludge is elutriated,conditioned 
with ferric chloride, and dewatered on 12 
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vacuum filters before being further de- 
watered in four flash dryers. Normally, 
sludge is dried for use as fertilizer, but it 
can be incinerated. Water vapor, furnace 
gases, and foul air are vented through a 
stack 200 ft. high. Fuel for drying is 
normally digester gas, but natural gas or 
oil can be used. Heat-dried sludge is 
pelletized (moisture 8.6 per cent) for 
fertilizer, with an annual production of 
22,000 tons dry basis. 

Gas from digestion exceeds 5,000,000 
cu. ft. per day and is used in power genera- 
tion and air compression (7? lb.) in nine 
1,688-hp. dual-fuel supercharged engines. 

In the bathing season of 1953, treat- 
ment removed about 80 per cent of sus- 
pended solids and 5-day B.O.D. and the 
chlorine demand was reduced from 22 
p.p.m. to 3.5 p.p.m. 

Preliminary estimates on operating costs 
show that the unit cost of $17.17 per m.g. 
at an average flow of 245 m.g.d. can be 
reduced to $14.06 per m.g. at 300 m.g.d. 

LANGDON PEARSE 


Recent Advances in Sewage Treatment in 
New York City. By Ricuarp H. 
Goutp. Jour. Boston Soc. Civil Eng., 
41, 2, 208 (1954). 

The various process improvements made 
during the period 1948-54 at the several 
sewage treatment plants of New York 
City are described and discussed. Among 
the more important are “activated aera- 
tion” (see Tuts JOURNAL, 26, 9, 1059; 
Sept., 1954), sludge concentration, and 


high-rate sludge digestion (see 
JouRNAL, 26, 4, 479; Apr., 1954). 
P: ©. 


Subdivision and Fringe Area Control. By 
Dennis O’Harrow. Amer. Jour. Pub. 
Health, 44, 473 (1954). 

Because a very sizeable portion of the 
American population lives in urban fringe 
areas, the problem of control of these areas, 
is a real and timely one, particularly from 
the standpoint of health and safety. Poor 
planning, layout, utility service, trans- 
portation facilities, and shopping facilities 
are all partially to blame. Subdivision ills 
are classified as due to prematurity, poor 
design, or incompleteness. Bad design 


is censured as a more serious fault than 
premature subdivision. 
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Operating Problems at Hyperion Treat- 
ment Plant. By C.N.Sawyer. Jour. 
Boston Soc, Civil Eng., 41, 178 (1954). 


The sewage is about 18 hr. in transit, 
with temperatures ranging from 68° to 
83° F. On arrival at the plant, it is de- 
ficient in oxygen and abundant in H.S. 
The pre-aeration units arrest further de- 
velopment of H.S. 

The treatment applied is low in con- 
centration of aeration solids (normally 200 
to 300 p.p.m.), with about 140 p.p.m. 
contributed by settled sewage. Air re- 
quirements aggravate the frothing and a 
modification of aeration devices is sug- 
gested. Final settling tanks accumulate 
considerable amounts of grease and scum. 

Return sludge facilities are too large and 
pumps require severe throttling. Also, the 
holding time in the return sludge conduit is 
too great (30 to 60 min.) and return sludge 
aeration channels are to be eliminated, be- 
cause of degradation of sludge. Sludge 
wasting facilities appear very delicate for 
satisfactory operation. 

In the digestion units, the effect of the 
different temperatures on the filtering 
properties of the sludge is being studied. 

The activated sludge treatment mark- 
edly reduces the chlorine demand, with an 
estimated saving of 18 tons of chlorine per 
day and an annual saving of about 3,000 
tons, or about $300,000. 

Shortcomings of the present plant are 
thought to be possible of rectification at 
a nominal cost. LANGDON PEARSE 


Metropolitan Water, Sewerage and Drain- 
age Board, Sydney, N.S.W., Australia. 
65th Ann. Rep. for Year Ended June 
30, 1953. 49 pp. (1954). 


This is a very complete report, with 
financial data and maps, of a Board serv- 


ing Sydney and suburban areas. On June 
30, 1953, 2,032,000 persons received water 
service, 1,427,000 sewerage, and 886,500 
drainage. Most of the population is 
located in an area of 526 sq. mi. 

Sydney and its suburbs are served by 
three major sewerage systems, which dis- 
charge without treatment to the Pacific 
Ocean in 30 ft. of water. Of the five 
minor sewer systems, three discharge into 
the ocean and two drain to local treatment 
works. 

As surf bathing has developed since the 
ocean outfalls were constructed, steps are 
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now being taken to eliminate any possibil- 
ity of nuisance on neighboring beaches. 
At the Bondi outfall these comprise screen- 
ing and grease removal, with the final re- 
sult of screening and sedimentation of the 
dry-weather and storm flows. 

Rehabilitation work is under way at 
certain minor sewage treatment works to 
better the protection of bathing beaches. 

In 1953 the total expenditures for all 
construction purposes was £5,385,489. 
The total revenue was £6,672,577, of 
which 61.8 per cent was from water rates 
and fees, and 36.4 per cent from sewage 
rates. 

The expenditures from revenue were 
£6,667 ,529, of which capital debt charges 
amounted to 48 per cent, management 13.1 
per cent, general maintenance 18 per cent, 
and pumping 13.6 per cent. 

Research is being continued on the de- 
odorization of sewer gas by ozone. 

LANGDON PEARSE 


1952 Annual Report, Bureau of Sewers, 
Worcester, Mass. 


This annual report covers the activities 
of the Bureau of Sewers, including con- 
struction and maintenance of sewers, 
cleaning of catch basins, and operation of 
the sewage treatment plant. 

The treatment plant operation proceeded 
normally throughout the year. Contin- 
ued cooperation of industry relative to 
removal of acid iron wastes from the sewer 
system showed in the maintenance of a 
6.8 pH average. The removal amounted 
to 860,000 gal. per year. The final results 
in B.O.D. and suspended solid removal were 
approximately the same as in 1951 (81 per 
cent and 89 per cent). This can be in- 
creased by better removal of grit and rags, 
thus alleviating operating difficulties with 
the Imhoff tanks. 

The average daily flow was 27.04 m.g.d. 
Grit and screenings removed averaged 
3.41 cu. ft. per m.g. sewage. The Imhoff 
tanks removed 3,211.26 tons of dry sludge. 
The trickling filters were dosed in part at 
2.90 and 2.78 m.g.a.d. 

The final effluent showed an average 
yearly over-all B.O.D. reduction of 83.3 
per cent and 81.1 per cent through different 
parts of the plant. 

The Imhoff sludge was pumped to the 
drying beds, which were cleaned by con- 
tract at $1.44 per cu. yd. 


. 
| 


1424 SEWAGE AND INDUSTRIAL WASTES 


The quality of the Blackstone River 
was satisfactory, with a relative stability 
of 99 per cent and dissolved oxygen at 75 
per cent saturation. LANGDON PEARSE 


Algae Research on Oxidation Ponds. 11 
Cuarues Renn. Amer. Jour. Pub. 
Health, 44, 631 (1954). 

Domestic sewage from a community of 
10,000 might be made to produce almost 
1,400 lb. of protein each day if the treat- 
ment} process described were employed. 
Although the process is suited chiefly 
to dry bright climates, interest in it will 
be general. 

The chief advantage, from the sanitary 
engineer’s viewpoint, is the control that is 
possible over the process. Actually the 
process utilizes sewage oxidation ponds for 
growing selected algae, which are then 
used for cattle feed. One problem to be 
overcome is the dewatering of the algal 
growth and the high B.O.D. of the water 
suspension when discharged to natural 
streams. 


Development of Sanitary Districts for 
Water, Sewage, Drainage, and Refuse 
Control. By Morton 3S. 
Amer. Jour. Pub. Health, 44, 467 (1954). 
Iixperience gained in meeting some of 

the emergent sanitary problems created in 

the environs of Detroit, Mich., by the rapid 
expansion of suburban fringe areas is 
reviewed with a view to helping in the 
solution of similar hazards to health and 
safety. Among the major points stressed 
by the author are the absolute necessity 
for inter-agency cooperative planning and 
policy determination, planning for the 
most economical and impartial protection 
on an area-wide basis, and organization 
of an improvement program that is more 
than remedial and will consider the long- 
range needs of the community. 

©. 


Treatment of Chemical Wastes. By I. 3. 
WiLson. Surveyor, 113, 315 and 339 
(1954). 

Monsanto’s plant at Ruabon (England) 
produces fine organic chemicals. Due to 
expansion of the production facilities, the 
practice of underground disposal of strong 
liquors and controlled discharge of weak 
wastes became insufficient to protect the 
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receiving stream. Laboratory-scale trick- 
ling filters gave 92 per cent phenol 
removal from the combined wastes, but a 
6-ft. pilot unit gave only 40 to 45 per cent 
removal. The full-scale plant consists of 
six trickling filters in parallel, with ac- 
cessory tanks and equipment for equaliza- 
tion and neutralization of the raw waste, 
sedimentation before and after the filters, 
and recirculation of treated effluent. 
Sludge is conditioned with ferric chloride 
and lime and dewatered on sand beds. 

Pilot-plant studies of activated sludge 
employed both diffused air and mechanical 
aeration units, and dealt with treatment 
of both the raw wastes and the trickling 
filter efluent. In the diffused air system, 
retention times varying from 11 to 24 hr. 
gave from 63 to 88 per cent phenol re- 
moval, while 9.5 to 21.5 hr. retention in 
the mechanical system gave removals of 
from 63 to 83 per cent. 

Wastes from the production of phthalic 
anhydride, synthetic phenol, salicylic acid, 
and phenetidine showed no toxicity when 
isolated and studied on laboratory-scale 
trickling filters. Toxicity was demon- 
strated with sodium sulfate, acetic acid, 
and the mixed wastes from production of 
chemicals for use in rubber processing. 


M. C. Rano 


BOOKS, REPORTS, 
AND PAMPHLETS 


Digest of Sewerage Enabling Acts of 
California. Publ. No. 1, State Water 
Poll. Control Board, Sacramento, Calif. 
64 pp. (Revised 1954). 

An up-to-date revision of a 1951 com- 
pendium, including a condensed table 
comparing types of sewerage district, 
procedural steps in formation and finan- 
cing of five types of district, and a state- 
wide listing of six types of district now 
providing sewerage services. 


Instrumentation in Water, Sewage, and 
Waste Treatment. Instruments Publ. 
Co., 845 Ridge Ave., Pittsburgh 12, Pa. 
48 pp. Price, $2.00 (1954). 

Contains the proceedings of the 1953 
Conference on Instrumentation in Water, 
Sewage, and Industrial Waste Treatment, 
held at Manhattan College (N. Y.) May 
14, 1953. 
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Circular Collectors 


Types for every waste treatment problem 


@ DESIGNED FoR 
EFFICIENT LONG- 
TERM OPERATION 


@ ENGINEERED FoR 
USE IN CIRCULAR 
OR SQUARE TANKS 


@ SELECTION oF 
DRIVES TO MEET 
YOUR SPECIFICATIONS § 


@ cLariFiow rnick- 
ENERS FOR FLUE 
DUST CLARIFICATION 


TRACTOR DRIVE COLLECTOR 


This pier-supported collector is de- 
signed for circular tanks. The rotating 
bridge acts as the lever arm rotating a 
sturdy center cage which carries the col- 
lector arms. Rotational force is provided 


SUSPENDED COLLECTORS are used 
where a simple bridge can span the tank 
diameter. In this case, the complete 
motor and drive assembly, together with 
the drive tube and collector arms, are 
suspended from the bridge. 


WRITE FOR BULLETIN 9W65 
CLARIFLOW THICKENER 


This unit utilizes the principles of fluid 
mechanics, so highly developed in 
Walker sedimentation units. It removes 
all settleable solids and remarkably clar- 
ifies the flow. All parts are sturdily 
built...designed for the “tough” jobs. 
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by a two-wheeled, rubber tired tractor 
unit running on the rim (or effluent weir 
wall of the tank). Drive unit is simple, 
easily accessible, and not affected by 
snow or ice. 


PIER DRIVE COLLECTOR 


The Pier Drive Collector is recom- 
mended where it is undesirable to 
operate a Tractor Drive... where the 
access bridge must be stationary, or the 
corners of square tanks must be scraped. 
Center drive mechanisms, ranging from 
1/2 to 10 horsepower, are built for long 
life and heavy duty service. Worms are 
carburized and ground steel and pre- 
cision meshed with hardened bronze 
worm wheels. The balls run in hard- 
ened, ground, renewable ball races. 


WALKER PROCESS EQUIPMENT INC. 


WALKER PROCESS 


Engineering Offices — Laboratories 


‘Aurora, Illinois 
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Proceedings of Member Associations 


CALIFORNIA SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 

The 26th Annual Convention of the 
California Sewage and _ Industrial 
Wastes Association was held at the 
Hotel Senator, Sacramento, Calif., May 
5-8, 1954. The registration of 306 
men and 92 ladies was only two short 
of the attendance record set in 1953. 

The following papers were presented : 


‘‘Biocatalytie Additives in Waste 
Treatment,’’ by Jack E. McKee, As- 


Bowerman, Division Engineer, Los 
Angeles County Sanitation Districts. 

‘‘Detergent Frothing: Cause and 
Control,’’? by Benn Martin, Superin- 
tendent of Richmond-Sunset Sewage 
Treatment Plant, City and County of 
San Francisco. 

‘The Application of a Simplified 
Technic to Atmospheric H,S Studies,’ 
by Gerson Chanin, Chief Sanitary 
Chemist ; John R. Elwood, Junior Sani- 
tary Chemist; and Edward H. Chow, 
Senior Sanitary Chemist, East Bay Mu- 


nicipal Utility District, Oakland. 
‘*Features and Financing of Sewer- 
age System Serving the Sacramento 
Metropolitan Area,’’ by Carl Jennings, 
Assistant City Engineer, Sacramento. 


sociate Professor of Sanitary Engi- 
neering, California Institute of Tech- 
nology. 

‘*Disposal of Digested Sludge by 
Dilution,’’ by A. M. Rawn, Chief Engi- 


neer and General Manager, and F. R. (Continued on page 458a) 


SNOW GATES 


for 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 


ALL SNOW GATES and Lifts are ‘‘ Parker- 
ized” for protection against rust and corro- 
sion. 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW Gates & VALVES 


2437 East 24th Street Los Angeles 54, Calif. 
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an integrated operation 


gives assurance plus 


of pipe quality 


U. S. Pipe and Foundry Co. is a wholly inte- 
grated producer of cast iron pressure pipe with 
our own mines, quarries, coke ovens and blast 
furnaces. 


Thus we have complete and undivided control 
of every step in the production of basic raw 
materials used in making U. S. Cast Iron Pipe. 
Our integrated operation starts literally from the 
ground up. 


In addition to being able to control the quality 
of pipe-making raw materials at their sources, 
our Quality Control of pipe production gives 
further assurance to customers that the quality 
level of U. S. Cast Iron Pipe is in excess of 
standard specifications. Our pipe is produced to 
our own quality control specifications, more 
exacting than the established specifications under 
which cast iron pipe is normally purchased. 


U.S. 


cast iron 


PIPE 


FOR WATER GAS. SEWERAGE 
AND INDUSTRIAL SERVICE 


Ore and Coal Mines 


Coke Ovens 


Wii 


Blast Furnaces 


Pipe Plants 


U. S. PIPE G FOUNDRY COMPANY 


GENERAL OFFICES: BIRMINGHAM 2, ALABAMA 


A wholly integrated producer . . . from mines and blast furnaces to finished pipe. 
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‘Design and Construction of Sacra- 
mento’s New Sewage Treatment 
Plant,’’ by Richard R. Kennedy, Part- 
ner, Engineering Office of Clyde C 
Ke nnedy, San Francisco. 

‘*Symposium on Record Systems for 
Preventive Maintenance,’’ by a panel 
comprising J. T. Norgaard, Civil Engi- 
neer, Brown and Caldwell, San Fran- 
cisco; M. J. Wise, Assistant Sanitary 
Engineer, State Dept. of Public Health, 
Sacramento; M. B. McKinnie, Super- 
intendent of Sewage Treatment, Santa 
Rosa; W. R. Uhte, Chief Operator, 
Sewage Treatment Plant, Menlo Park; 
and E. E. Ross, Superintendent of 
Sewage Treatment, East Bay Munici- 
pal Utility Distriet, Oakland. 

‘Safety in Plant Operation and 
Sewer Maintenance,’ by J. E. Gilmore, 
Director of Safety, Celite Division, 
Johns-Manville Products Corp., Lom- 
pae. 

‘*Some Studies on the Operational 
Use of Sludge Digestion at Elevated 
Temperatures,’ by William F. Garber, 
Laboratory Director, Sewage Treat- 
ment Division, Bureau of Sanitation, 
Los Angeles. 

‘Anaerobie Digestion of Industrial 
Wastes,’’ by Erman A. Pearson, As- 
sistant Professor of Sanitary Engineer- 
ine, University of California, Berkeley. 

‘Odor Control from Sewage Pump 
Stations,’’ by Richard Pomeroy, Pom- 
eroy & Associates, Pasadena. 

‘*Management and Adjustment of 
pl of Industrial Wastes,’’ by W. J. 
O’Connell, Jr.. Industrial Consultant. 
| Burlingame. 

**Coordination Among Groups Inter- 
ested in Industry Growth, and Loea- 
tion, Waste Disposal Systems, and Wa- 
ter Pollution Control.’’ by D. V. Doub, 
Industrial Power Engineer, Pacific Gas 
and Electric Company, San Francisco. 
of Catalog City Looks at Requirements 
ADDRESS: for Pre-Conditioning of Industrial 


Wastes,’’ by Ross Miller, City Man- 
TNEMEC COMPANY, Inc. | jeg a toss Miller, City Man 


135 W. 13rd Ave. * North Kansas City, Mo. | (Continued on page 460a) 


. . Roughly $37 
annually for 
every man, 

woman, and 
child in the 
United 
States! 


TNEMEC 


Our new book, Tnemec Cata- 
log No. 54, is (to quote one en- 
gineer) “very helpful and practical.” 
You'll find it very useful. Remember, 
proper maintenance is the 
first step toward lasting 
economy. 


A request — on your 
company letterhead — 
will bring you a copy 
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how much does it cost 


an old style 


The automobile self-type starter isn’t news any 
more — nobody ever cranks a car these days. 
“Cranking” an old-style chlorinator is equally 
out-dated. 

The F&P mechanical, instrument-type chlori- 
nator is sweeping the country, sales mount 
month by month. Why? Because municipality 
after municipality, consulting engineer after 
consulting engineer, reports the same facts: 
F&P chlorinators are lower in first cost, are 
easier to handle, because they are so simple in 
design, so light in weight, so modern in construc- 
tion. More important, however, it is always 
stressed that F&P chlorinators require practi- 
cally no maintenance, practically no spare parts. 

We claim that if you are operating a chlori- 
nator that has a bell jar on it you need a new 
chlorinator. You are “cranking” an old, costly, 
inefficient chlorinator. Everybody knows that 
dry chlorine is not corrosive—but that as soon as 
you put the chlorine in contact with water or 


to “crank” 
chlorinator? 


water vapor it becomes corrosive. That’s what 
the water tray types of chlorinators do—put dry, 
non-corrosive chlorine in contact with water and 
make corrosive vapor out of it. It’s not engineer- 
ing sense and the way to avoid it—and the result- 
ing expensive maintenance — is to get F&P 
mechanical, instrument type chlorinators. 

Don’t refrain from writing us because you 
don’t need additional chlorinating capacity right 
now. Moreover—if it is time for a major overhaul 
or a rebuilding of your bell jar chlorinator, let 
us quote you for doing this work. We will give 
you what you may not have gotten previously—a 
firm price for doing the job before we start on it. 
The price will be a reasonable one, but we'll also 
quote you a price for replacing the chlorinator 
and if you want to spread the cost of the new one 
by time payments or if you want a lease arrange- 
ment, you can have it. Chances are you cannot 
justify further overhaul or further rebuilding— 
even at our fair price for doing the work. 


(ala) rIscHER & PORTER CO. 


1214 Fischer Road, Hatboro, Penna. 


18 YEARS EXPERIENCE SUCCESSFULLY MANUFACTURING CHLORINE FLOW METERING EQUIPMENT 
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SEWAGE AND INDUSTRIAL WASTES 


Surer Gland Lubrication 
= for Centrifugal Pumps 


THE Z-F GREASE SEAL 


Eliminates that trouble spot where shaft enters cas- 


ing. 
ing and shaft—automatically. 


Applies constant positive lubrication to pack- 
Excessive heat, rapid 


wear, leakage and scoring will disappear as the 

ma Grease Seal applies a constant flow of lubrication 
when pump starts until it stops—automatically. 
Many other advantages, too. Write for complete 
description and price. 


Zimmer and Francescon, Moline, Ill. 


‘*Radioactive Wastes in Sewage,’’ by 
Albert W. Bellamy, Professor of Bio- 
physics, University of California at Los 
Angeles, and Chief, Radiological 
Safety Services, State Office of Civilian 
Defense, Sacramento. 

‘*Characteristics and Treatment of 
Sewage at State Institutions and Fa- 
cilities,’’ by Edwin R. Stowell, Senior 
Sanitary Engineer, State Division of 
Architecture, Sacramento. 

‘Observations of Sewage Treatment 
in England,’’ by E. Sherman Chase, 
Partner, Metcalf & Eddy, Boston, Mass. 


The Operators’ Breakfast and the 
Sewer Maintenance Breakfast, held 
concurrently, were both well attended. 
At the Operators’ Breakfast the fol- 
lowing subjects were presented for dis- 
cussion : 


‘“‘Repair Shops Treatment 
Plants,’’ by Arthur Vieira, Superin- 
tendent, Sewage Treatment Plant, 
Manteca. 

**Lubricating Greases,’?’ by H. J. 
Miller, Chief Operator, Sewage Treat- 
ment Plant, Marysville. 

‘*Certification—Progress Report,’’ 
by T. J. Mays, Superintendent, Sew- 
age Treatment Plant, Santa Maria. 


The Sewer Maintenance Breakfast 
presented the following subjects for 
discussion : 


‘‘Why Preventive Maintenance for 


Collecting Systems is Economically 
Justified,’’ by Cedric Webster, Super- 
intendent, Menlo Park Sanitary Dis- 
trict. 

‘‘Maintenance of Special Struc- 
tures,’ by Howard Kaulbach, Street 
Maintenance Engineer, Oakland. 

‘‘Determination of Pipe Conditions 
by Inspection or Use of Tools,’’ by John 
A. McCollum, District Foreman, Sewer 
Maintenance Division, Los Angeles. 

‘*Methods for Removal of Incrusta- 
tion, Seale, Grease, and Industrial 
Waste Deposits from Pipes,’’ by Bud 
Sketchley, Owner, Rodding-Cleaning 
Machines, Ine., Los Angeles. 


During an inspection trip to the new 
Sacramento sewage treatment plant, 
under construction, Sydney Preen, 
Superintendent of Sewer Maintenance, 
Long Beach, demonstrated sewer clean- 
ing techniques used in that city. 

Arthur T. Wintersgill was presented 
with the Federation’s Arthur Sidney 
Bedell Award. 

Officers for 1954-5 are as follows: 


President: Alvin A. Appel, Los An- 
geles. 

1st Vice-President: 
Berkeley. 

2nd Vice-President: Eric V. Quartly, 
San Diego. 

Secretary-Treasurer: J. C. Mallery, La 
Crescenta. 


Herbert Foster, 


J. C. MALLERY, 
Secretary-Treasurer 
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SEWAGE AND INDUSTRIAL WASTES 


Get 


Regulating, 
Free-Discharge and 
Check Valve Service 

under High Heads 
with DOW DISC-ARM 
PIVOT VALVES 


For ideal service under high heads, 
specify Chapman’s Dow Disc-Arm Pivot 
Valve. Operation is positive and vibra- 
tion-free at highest velocities, whether 
in throttling or free discharge. 


Closure is always tight: the disc-arm 
applies the operating force at the lower 
edge of the disc, holding it firmly 
against the accurately machined babbitt 
seat ring. All components are stream- 
lined for low head loss. 


For regulation, free discharge, or 
check valve service under high heads 
specify Chapman's Dow Disc-Arm Pivot 

rc Valve. Available in standard sizes from 
is Applied | 18” to 96”, for operating heads of 150 
and 300’. Special designs can be fur- 
nished for any size and for considerably 
higher heads. Write for Catalog 40. 


The CHAPMAN VALVE 
MANUFACTURING COMPANY 


Indian Orchard, Massachusetts 
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SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF ENGINEERS 


(Continued through page 467a) 


ALBRIGHT & FRIEL, INC. 
ALVORD, BURDICK & HOWSON 


Consulting Engineers Engineers 
WATER, 4 AGE AND INDUSTRIAL Charles B. Burdick Louis R. Howson 
ASTE PROBLEMS Donald H. Maxwell 
USE INCINERATORS 
AIR} LDS REEL R Water Works, Water Purification, 
CITY PLANNING VALUATIONS Flood Relief Sewerage, — Sewage 
REPORTS LABORATORY Disposal, Drainage, Appraisals, 
Poly = PHILADELPHIA 7 Civie Opera Building Chicago 


sie JOHN J. BAFFA 
AN DERSON-NIC H O LS Consulting Engineer 


Sewerage & Sewage Treatment 

Consulting Engineers Industrial Wastes Treatment 

Water Supply, Distribution and rreatment, In- Design Plans & Specifications 
dustrial Waste Treatment, Sewage Collection and : D 

Disposal, Refuse Collection and Disposal, Drain- Investigations & Rate Studies 


age, Highways and Bridges 75 West Street New York 6, N. Y. 
Concord, N. H. Boston 14 Baltimore, Md. 


MICHAEL BAKER, JR., Inc. BAXTER AND WOODMAN 
The Baker Engineers 


Civil and Sanitary Engi 
Civil Engineers, Planners, and Surveyors ry Engineers 


Municipal Engineers—-Airport Design—Sewage Disposal Water Supplies Water Treatment 
Systems —Water Works Design and Operation —Surreys Sewer Systems Sewage Treatment 
Investigations 

Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. P. O. Box 67 Crystal Lake, Hlinois 


BLACK & VEATCH 


Consulting Engineers 
SEWAGE - WATER - ELEctTRICITY - INDUSTRY 
Reports, Design, Supervision of Construction 
Investigations, Valuation and Rates 
4706 Broadway Kansas City 2, Missouri 


W. H. & L. D. BETZ BOGERT AND CHILDS 


Consulting Engineers 

Consulting Engineers Ciinton L. Bocert  Frep 

IvAN L. BoGEeRt DoNALD M. DITMARS 
Industrial Waste Ropert A. LINCOLN CHARLES A. MANGANARO 
Indust: ial Water WILLIAM MARTIN 

Analysis Design Water & Sewage Works Refuse Disposal 

Investigations Operation Drainage Flood Control 


Highways and Bridges Airfields 
Gingham & Werth Kis. Philadelphia 24, Pa. 621 Madison Ave., New York 22, N. Y. 


Take advantage of the services of these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 4638 


Engineers 
Sewerage —Sewage Treatment 
Water Supply — Purification 
Refuse Disposal— Analyses 
Municipal —Industrial Projects 
Valuations— Reports— Designs 


110 William Street New York 7, N. Y. 


BROWN AND BLAUVELT 
Consulting Engineers 


Water Supply Airports 

Sewer Systems Highways 

Sewage Disposal Plants Industrial Buildings 
Industrial Wastes Problems Railroads 


468 Fourth Avenue New York 16, N. ¥. 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
(FORMERLY NICHOLAS S. HILL ASSOCIATES) 
Specializing in Sewerage and Sewage Disposal, 

Water Supply and Water Purification, 
Valuations and Reports 
Chemical and Biological Laboratories 
112 East 19th Street New York 3, N. Y. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


BURNS & McDONNELL 


Consulting and Designing Engineers 


Kansas City 2, Mo. 
P.O. Box 7088 


Cleveland 14, Ohio 
1404 E. 9th St. 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 


Flood Control 


6 Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration—Gas Systems 

Valuations—Rates—-Management 

Laboratory—City Planning 


210 E. Park Way, Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 

Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply—Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


351 East Ohio St. Chicago 11, Ill. 


Your firm should be 
listed here 


... the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


It pays to secure competent and experienced engineering advice! 


: BOWE, ALBERTSON & ASSOCIATES 
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Damon & Foster 


Consulting Ctrl Engineers ana 
Surveyors 


Sewerage, Sewage Disposal, Water Supply. 


Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


FREDERICK H. DECHANT 
ENGINEER 
Chairman of the Board, Frederic R. Harris Inc. 
Water Works, Industrial Wastes, 
Sewerage, Recovery Processes, 
Hydraulic Works, Gas Plants 
Philadelphia: Fidelity Phila. Trust Bidg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Railroads Highways 
Grade Separation—Bridges—Subways 
Local Transportation 
Investigations — Reports — Appraisals 
Plans and Supervision of Construction 


150 North Wacker Drive Chicago 6 
505 Colorado Bldg. Washington 5 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in = Directory of Engineers contained 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installation 


Electro Rust-Proofing Corp. (N.J.) 


Bellevilie 9, New Jersey 


FAY, SPOFFORD & THORNDIKE 
ENGINEERS 


RALPH W. Horne 
Bion A. BOWMAN WILLIAM L. HyYLanp 
CARROLL A. FARWELL FRANK L. LINCOLN 
Howarp J. WILLIAMS 


Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment 
Airports—Bridges—Turnpikes 
Port and Terminal Works—lIndustrial Bldgs. 
BOSTON NEW YORK 


JOHN AYER 


FINKBEINER, PETTIS & STROUT 


CarteTon S. FINKBEINER E. Pettis 
Haroup K. Strout 
Consulting Engineers 
Reports, Designs, Supervision, 
Water Supply, Water Treatment, Sewerage, 
Sewage Treatment, Wastes Treatment 
Valuations & Appraisals 


518 Jefferson Avenue Toledo 4, Ohio 


FREESE, NICHOLS AND TURNER 


Consulting Engineers 


2111 C & I Life Building 
Houston 2, Texas 


CH-1624 


FROMHERZ ENGINEERS 
Structural - Civil - Sanitary 
Four Generations Since 1867 

Water Supply; Sewerage; Structures; 

Drainage; Foundations 
Industrial Waste Disposal 

Investigations; Reports; Plans and 

Specifications ; Supervision 


823 1/2 Poydras St. New Orleans, La. 


Your firm should be 
listed here 
. . the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


EDWARD A. FULTON 
Consulting Engineers 


Investigations, Reports, Valuations, De- 
sign and Construction—Water Supply and 
Purification Plants; Sewerage and Sew 
age Treatment Works; Municipal Paving 
and Power Developments; Dams and 
Flood Control 


3209 Brown Road Saint Louis 14, Missoeri 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking—Appraisals, Investigations & Reports. 
HARRISBURG, PENNA. 

Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. Pleasant- 
ville, N. J. Chesapeake, W. Va. 


Take advantage of the services of these outstanding consultants! 
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GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York 607 Washington St. Washington 
Houston READING, PA. Philadelphia 


GLACE AND GLACE 
Consulting Sanitary Engineers 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 


Design, Construction and Supervision 


of Operation 
1001 N. Front Street Harrisburg, Pa. 


GREELEY & HANSEN 
Engineers 
Samuel A. Greeley Paul Hansen (1920-1944) 
Paul E. Langdon Kenneth V. Hill 
Thomas M. Nile Samuel M. Clarke 


Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 
Sewerage, Sewage Treatment 


220 S. State Street, Chicago 4 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


HASKINS, RIDDLE & SHARP 
Consulting Engineers 


Water Sewage 
Industrial Wastes 
Refuse Hydraulics 


1009 Baltimore Ave. 


Kansas City 5, Mo. 


HAVENS AND EMERSON 
W. L. Havens Cc. A. Emerson 
A. A. Burger F. C. Tolles F. W. Jones 
H.H. Moseley J.W.Avery F.S. Palocsay 
E. 8S. Ordway 
ting Engi 
WATER, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS—LABORATORIES 


Leader Bidg. Woolworth a 
Cleveland 14, O. New York 7, N. 


HAZEN AND SAWYER 
ENGINEERS 
Ricnarp Hazen ALrrep W. Sawyer 


Municipal and Industrial Water Supply 
Purification and Distribution 
Sewage Works and Waste Disposal 
Investigations, Design, 
Supervision of Construction and Operation 


110 East 42nd Street New York 17, N. Y. 


HENNINGSON, DURHAM 


& RICHARDSON, INC. 
Consulting Engineers since 1917 for more than 
600 cities and towns 


Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage 


Standard Oil Bidg. Omaha 2, Nebraska 


HORNER & SHIFRIN 
Consulting Engineers 

W. W. HORNER E. BLoss 

H. SHIFRIN V. C. LISCHER 
Airports — Hydraulic 
Sewerage and Sewage Treatment — 
Water Supply — Municipal Engineering 

— Reports 
Shell Building, St. Louis 3, Missouri 


JONES, HENRY & WILLIAMS 
Consulting Sanitary Engineers 
Water Works 


Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
Water Supply and Purification, Sewerage and 
Sewage Treatment, Garbage and Refuse 
Disposal and Incineration, Industrial 
Buildings. 


TROY, N. Y. FT. LAUDERDALE, FLA. 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 
offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 


It pays to secure competent and experienced engineering advice! 
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SEWAGE AND INDUSTRIAL WASTES 


MORRIS KNOWLES Inc. 
Engineers 
Water Supply and Purification, Sewer 
age and Sewage Disposal, Valuations 


Laboratory, City Planning 


1312 Park Bldg. Pittsburgh 22, Pa. 


Wm. S. Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 


10 Gibbs Street Rochester, 4, N. Y. 


GEORGE B. MEBUS 
Consulting Engineer 
Water Supply Sewage Treatment 
Industrial Waste Treatment 


NORTHWESTERN NATIONAL BANK BUILDING 
GLENSIDE, PA. 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
im the... 

Official Professional Journal of the 

Sewage and Industrial Wastes Field! 


METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 


Laboratory Valuations 


Airfields 
Statler Building 
Boston 16 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 
327 Franklin St., Buffalo, N. Y. 

500 Fifth Ave., New York 36, N. Y. 


PARSONS, BRINCKERHOFF 
HALL @ MACDONALD 
G. Gale Dixon, Associate 
Civil and Sanitary Engineers 
Water, Sewage, Drainage and 
Industrial Waste Problems 


Structures Power 


51 Broadway 


Transportation 


New York 6, N.Y. 


PIATT AND DAVIS 
WM. M. PIATT P. D. DAVIS 
Ci lting, Designing, and Supervising Engineers 


Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Public Buildings, Streets 
Power Plants, Electrical Distribution 
Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, N. C. 


MALCOLM PIRNIE ENGINEERS 


Civil and Sanitary Engineers 

Malcolm Pirnie Ernest W. Whitlock 

Robert D. Mitchell Carl A. Arenander 
Malcolm Pirnie, Jr. 

Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 


25 West 43rd Street New York 36, N. Y. 


ONLY $60 PER YEAR 


is the cost of a _ professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
& Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


THOMAS M. RIDDICK 


Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological 
Analyses 


369 EB. 149th St. New York 55, N.Y. 


Take advantage of the services 


of these outstanding consultants! 
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RIPPLE AND HOWE 
Consulting Engineers 
O. J. Rirere B. V. Howe 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
833-35 Twenty-Third St. Denver 5, Colorado 


RUSSELL AND AXON 


Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., Municipal Airport 
St. Louls 2, Mo. Daytona Beach, Fla. 


SMITH and GILLESPIE 
Consulting Engineers 
Allt 


of 
Municipal Public Works & 
Utilities 


Complete Services 
P. O. Box 1048, Jacksonville, Fla. 


STANLEY ENGINEERING COMPANY 


Sewerage—Waterworks 
Drainage—Flood Control 
Electric Power—Airports 


Hershey Building 
Muscatine, Ia. 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 
Water Supply—Sewerage—Waste Disposal 
Bridges—Highways—Industrial Buildings 
Studies—Surveys—Reports 


209 S. High St. Columbus 15, Ohio 


HENRY W. TAYLOR 


Iti: E. 


Water Supply, Sewerage 
Refuse Disposal, Incineration 
Industrial Developments 


151 W. Merrick Rd. Freeport, N.Y. 


J. STEPHEN 

J. S. Watkins . R. Watkins 
CONSULTING 
Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 

Investigations and Rate Structures. 

261 East High Street Lexington, Kentucky 
Branch Ofiice 

901 Hoffman Bullding Louisville, Kentucky 


WERTZ ENGINEERING CO., Inc. 


CONSULTANTS, DESIGNERS & 
CONSTRUCTORS 
Water Supply & Purification 


Sewage & Industrial Waste Treatment 
Stream Pollution Studies 


Chemical & Bact. Laboratory Service 
431 North 2nd St. Reading, Pa. 


WESTCOTT & MAPES, Inc. 
Engineers 
VALUATIONS—STU DIES—REPORTS 
DESIGN—SUPERVISION 
Industrial Waste Problems 
Utilities—Industrial Plants 
Commercial Buildings—Institutions 
Public Works 


New Haven, Connecticut 


WESTON & SAMPSON 


Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 

Wastes Treatment 

Stream Pollution Studies 

Supervision, Valuation 

Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

dustrial Development Problems, Water Supply, 

Water Purification, Water Front Improvements, 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 


Civil — Sanitary — Structural 
Mechanical — Electrical 


Reports, Plans Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


It pays to secure competent and experienced engineering advice! 
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PATRONIZE OUR ADVERTISERS—whose support makes 


possible the 
lication of this journal. ae GE 
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3 
alker Process Equipment, Incorporated 
| : 
Albright & Friel, Inc. Greeley & Hansen 
Alvord, Burdick & Howson Haskins, Riddle & 
Anderson-Nichols & Company “Havens and Emerson 
et, Michael, Jr, Henningson, Richardson, Inc... 
Knowles, Morris, Inc. 
: Metcalf & Eddy . 
eKee Parsons, Brinckerhoff, and Macdonald 
er inecra, m, 
ii Cole, Chas, W. & Sen Purcell, Lee T. : 
BS Consoer, Townsend & Associates Riddick, Thomas M. rs 
Damon & Foster Ripple & Howe 
Dechant, Frederick : | 
ectro Rust-! 4 ey in 
Fay, Spotford & Thorndike Stilson, Alden E., & Associates = 
Finkbeiner, Pettis & Strout Taylor, Henry W. 
Freese, Nichols & Turner Watkins, J. 
Fromherr Engineers Wertz Engineering Company, Inc. 

= nett, Fleming Corddry & Carpenter, eston & Sampson ‘ 
Gilbert Associates, Inc. Whitman & Howard 
Glace and Glace Whitman, Requardt & Associates 
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| WHATS YOUR PLANT 
pp DOING ABOUT = 
Stream Pollusion® 
There's plenty that can be dome improve 

 vestore recreational areas and multiply sources. — 


Sometiones takes sew or addisiondl treatmemi works. 
but mony, many cases cat be OF 


improved with adequate efflment 
W&T offers the engineer aind 


plant operator the cools to economically 
aid in the nation’s pollution abatement 


These cools consist of full line of 
feeding equipment and forty lyears.of 
experience—and feild staffto promptly 
af! instaliation and equipment maintenance 
war Chioriaators, with manual, or various. 
types of rate and program conttel; we 
in many other Plant problems, teo-—such ag: 
grease removal, filter ponding prevention and sepeidity, 
reduc tion, to mention just afew. 


Why not start your community on the rdad.to Glas 
streams? Your W&T Representative will he gind tae 
without obligation, of 


WALLACE-& TIERNAN 


25 MAIN ST GELLEVILLE 
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